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INTRODUCTION 

INTERLOCKING is of English origin, numerous patents 
having been granted in England for manually operated 
interlocking devices from 1856 to 1867, at which later 
date was first disclosed by Saxby a satisfactory means for 
obtaining what is now known as "preliminary latch locking." 
The rapidity with which this valuable system was adopted in 
England is indicated by the fact that six years later, in 1873, 
13,000 mechanical interlocking levers were employed on the 
London & Northwestern Railway alone, at which time not a 
single lever was in use in the United States, the first experi- 
mental installation having been made in this country by 
Messrs. Toucey and Buchanan at Spuyten Duyvil Junction, New 
Y'ork City, in 1874, and the first important installations on a 
commercial basis having been made by the Manhattan Elevated 
Lines of New York City with machines of the Saxby-Farmer 
type, built by the Jackson Manufacturing Co. of Harrisburg, 
Pa., in 1877-78. 

Very soon after American railways had gained a little experi- 
snce with mechanical interlocking plants, it was felt that 
there were many situations where great economies could be 
sffected and more satisfactory operation obtained if switches 
ind signals could be successfully worked by power instead of 
manually. For precisely the same reason — viz : saving of 
abor — that English railways were first led to concentrate in 
I single frame the theretofore widely separated levers for the 
)peration of switches and signals — thus leading up to the 
dea of interlocking — so the much higher cost of labor in the 
[Jnited States than in England caused the American railways 
X) demand an interlocking that would afford means for operat- 
ing switches and signals over greater distances and with fewer 
operators than were required under the English method. 
The first concrete response of the American inventor to this 
demand was the Hydro-Pneumatic Interlocking installed 
in 1884 near Bound Brook, N. J., at tYve cto^vcv'^ cA. *Ocsfc 
'. & R. andL. V, R. R. From 1884 to 1?»^1, d^\v\,feeTv^^^^ 
leumatic plants, having 482 levers, were 'ms\;a)^e^ oxv « 
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railways, but this system having developed many serious 
defects, its inventors devised and in 1891 installed the first 
electro-pneumatic plant at the Chicago & Northern Pacific 
Drawbridge, Chicago. In the following ten years, there 
were ordered — up to June 1, 1900 — fifty-four electro- 
pneumatic plants, having 1,864 levers, for use on thirteen 
railways. It was felt at this time that while power interlock- 
ing had been proven to be usable with advantage in a few 
important situations, it fell far short of accomplishing all that 
was desired and required of it by the railways, and it was even 
then believed by some engineers that owing to certain defects 
and limitations inherent in the electro-pneumatic principle 
itself, some safer, more reliable and economical system would 
have to be developed before power interlocking could, with 
wisdom, be more generally employed. 

Just at this time (May, 1900) a company was formed to 
develop and exploit the electric interlocking patents now 
owned by the General Railway Signal Company and embody- 
ing the now well-known "dynamic indication" principle. In 
1901 this Company put in service its first electric interlocking 
plant employing the dynamic indication, at Eau Claire, Wis., 
on the C. St. P. M. & O. R'y. As might have been expected, 
in view of the newness of the idea, and of the Company exploit- 
ing it in opposition to an old-established and rich competitor, 
its progress was slow; but, the idea being right, its progress 
has been steady and sure, with the result that in the eleven 
years since its first plant went into service, it has furnished for 
use on eighty-three railways in thirty-five States and Provinces 
of the United States and Canada, 440 of these plants, having 
21,370 levers. In the sixteen years from the installation of the 
first commercial pneumatic machine, during which time no 
competitive power interlocking machine was on the market, 
the average annual sales were four and five-tenths machines 
and 147 levers. In the eleven years following the installation 
of the first commercial dynamic indicating electric interlock- 
ing machine, and in competition with all other types of 
power interlocking, our average annual sales have been 
forty machines and 1,943 levers. With but few exceptions, 
American railways requiring power interlocking lio^ exclu- 
sj'veJy specify the ''all electric, " and while the sMCcess ^icYiie^^ 
^'i^A our ''dynamic indication " system has led a t\\otv\>cc ol 
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companies to devise and offer electric systems, it is believed 
conservative to state that much more than 90 per cent, of 
all the electric interlocking in use in the United States is of 
our manufacture. A more exact statement of percentage 
cannot be given for the reason that, so far as we have been 
able to ascertain, other makers of power interlocking plants 
have not in recent years seen fit to give publicity to the num- 
ber of power plants and power levers installed by them, though 
prior to our advent in this field such statements were fre- 
quently published. It can, however, be positively stated 
that more of our electric plants and more electric levers have 
been installed on American railways in this past ten years 
than of all other types of power interlocking in the past twenty- 
eight years. 

An evolution so rapid, extensive and radical as this cannot 
fail to suggest an inquiry into its causes and what bearing 
they may or should have upon the interlocking practice of the 
future. 

During the annual meeting of the Railway Signal Associa- 
tion at Buffalo in October, 1901, one of the principal questions 
discussed was, "At what leverage is it economical to install 
power interlocking rather than mechanical." The consensus 
of opinion then seemed to be that power plants might be 
economically used where and only where, on account of the 
size of the machine or density of traffic or for any other reason, 
more levermen would be required to operate a mechanical 
than a power machine. At that time the writer hazarded 
the opinion that in the course of time mere size of plant and 
density of traffic would cease to be generally regarded as the 
sole or even as very vital factors in arriving at a choice between 
power and mechanical interlockings; that signalmen who were 
at that time obliged to compare the advantages of mechanical 
interlocking with those of the only power interlocking with 
which they then had experience, the electro-pneumatic, might 
reasonably be expected to change their views very materially 
when they came to be familiar with the advantages of "all 
electric'* interlbcking. How far this forecast, which was then 
regarded by many able, experienced signalmen as visionary, 
was warranted may be judged by an exaimiiaWoiv ol \a)c^ss» yci 
tMs handbook showing hundreds of smaW and TCi^d\>XKv ivT*^ 
electric interlocking plants installed by ua m t\i^ d'ec-a.^^ "Ow 
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has elapsed since then, thus affording evidence that not only 
is electric interlocking rapidly displacing all other types of 
power interlocking but that it is being largely and increasingly 
used where formerly nothing but mechanical interlocking 
would have been considered. The writer believes now as he 
believed ten years ago that certain of the important reasons 
for this change are found in the following facts: 

Entirely aside from considerations of economical operation 
that obviously demand the usage of power interlocking at all 
points where more than one leverman would be required for 
the operation of a mechanical plant, or where train movements 
are so numerous as to make the operation of such a plant too 
great a physical strain upon the operator, there are other and 
equally important features to be considered with respect to 
every proposed new interlocking, chief of which is the fact 
that no purely mechanical interlocking ever devised is any- 
where near so safe as is the dynamic indicating electric inter- 
locking. In spite of the now general recognition of this fact, 
it must be remembered that it was only as the electric inter- 
locking came to be commonly used and its safety features to 
be compared with those of straight mechanical interlocking 
that the defects and dangers of the latter became emphasized 
by the contrast. Thus, beginning about ten years ago, the 
realization of this fact by skilled signalmen led them, at first 
slowly but as time has gone on more and more rapidly, to one 
of two practices, viz: the use, on the one hand, of electric 
interlocking, pure and simple, or, on the other, adding to 
mechanical interlocking all sorts of electrical apparatus and 
circuits. Where the latter expedient is adopted, the resultant 
composite plant requires a maintainer combining the experience 
of a mechanic and of an electrician, and such men are not 
numerous. Fifteen years ago the number of young men who 
had even a rudimentary knowledge of electrics was small; 
but — owing to the enormously increased employment of elec- 
tricity in telegraphy, telephony, lighting, manufacturing and 
transportation; to the institution of simple courses in elec- 
tricity in trade, industrial and correspondence schools ; and to 
the fact that it is easier and takes much less time to acquire 
a usable working knowledge of electrics than, to become a 
fairly skilled mechanic — most railways now fm^ Vfc ^o^^^ 
'^o procure, at the prevailing wage rate, meiv e^.pa\>\^ ^ 
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maintaining electrical rather than mechanical installations — 
particularly since the automobile and kindred industries have 
created such an unprecedented demand, at high wages, for 
mechanics. 

Another fact having an important bearing on this phase of 
our subject is this: American block signal practice, like its 
interlocking practice, was originally copied from the English, 
who employed the manual system. In block signaling, as was 
the case in interlocking, the American demand for labor 
saving devices early led to the invention of power operated 
automatic block signals, the first of which to be employed 
on a considerable scale were of the pneumatic type. Now, 
in automatic block signaling, as in interlocking, the electric is 
almost entirely supplanting the electro-pneumatic, and few, if 
any, American railways are now considering anything but 
electric signals for new block work. Such signals are now 
used on upwards of 35,000 miles of American railway, and 
large additions are being made thereto annually. It will 
hardly be denied by any engineer skilled in signaling that 
every interlocking plant located in automatic, electric, block 
signaled territory should be electric, since, if for no other 
reasons, it can be more simply installed, more economically 
maintained and more reliably operated than a mechanical or 
any other type of interlocking which would require the mixing 
in with the necessary electric block devices of other types of 
apparatus requiring maintainers and repairmen having needed 
training in two or more trades rather than in one. This is a 
consideration, which, quite apart from that of maximum 
safety, has led many railways to the installation of a great 
deal of electric interlocking in automatic block signaled dis- 
tricts and which is influencing them and others to take like 
action where automatic block signaling, though not in imme- 
diate prospect, may be put in within a few years. 

Thus it has come to pass that of the railway men who still 
feel that the mechanical interlocking when provided with 
various electrical adjuncts may be made to be almost if not 
quite as safe as the "all electric plant," more and more are 
coming to realize that simplicity, economy and reliability 
demand the usage of the electric interlockm^ m ^xeleceiv^^ \si 
any others, particularly as a mechanicaV pVaxit, ev^TL ^\\5SCi 
equipped with the most eJaborate system oi e\ectT\c"a\ ^^Y^^^"^ 



10 GENERAL RAILWAY SIGNAL COMPANY 

has not changed its nature but still remains a mechanical 
plant, subject to most of the operating difficulties inseparable 
from such a plant. 

Another situation that has largely influenced the adoption 
of electric interlocking is the following: Up to the time of 
the introduction of electric interlocking, it was the rule, rather 
than the exception, for American railways to operate from 
interlocking machines at ordinary crossings and junctions 
such switches as were within 700 to 800 feet of it, but not to 
operate or adequately signal more distant switches. Where 
any connection existed between such distant switches and 
the interlocking it was usually no more than that established 
by having an electric circuit controller on such a switch by 
means of which an electro-magnetically slotted distant signal 
alone was prevented from giving its proceed indication when 
the switch was open between it and the home signal. It 
was claimed by the railways, not without reason, that it was 
too difficult and costly, and in some instances impossible, to 
satisfactorily operate such switches from a single machine 
and that it would be the height of folly for them to install one 
or more additional machines merely for the sake of operating 
these switches, the interlocking of which would not have been 
at all considered at the moment except for their proximity to 
junctions or crossings they were obliged to interlock. Gradu- 
ally, however, for one or another reason, American practice is 
coming more and more approximate to that of England, 
where every main line switch on a passenger carrying road has 
to be properly signaled and interlocked, and coincident with 
and probably largely responsible for this changed attitude of 
the American railways is the now almost universal recognition 
of the fact that electric interlocking alone affords the means for 
successfully accomplishing this in the United States without 
excessive cost for both installation and operation. Many of 
our electric plants have for years satisfactorily operated 
switches, together with their allied signals, located from one 
to six thousand feet from the interlocking machine, some- 
times with tunnels or other obstructions to view, intervening 
between the interlocking station and the switches. In fact, 
ns temperature changes, no matter how great or how sudden, 
€fo not in any degree affect the operatioii oi o>3ff ^«c\m 
y^^nts, they being absolutely free from sucYv dVaoT^et^ ^"a/vci^ 
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mechanical plant, occur because of contraction or expansion of 
parts connecting the interlocking levers with the switches 
and signals, and as the ''dynamic indication'' features and the 
"illuminated track diagrams'* make it wholly unnecessary for 
the operator to see tracks, trains, switches, or signals — there 
is absolutely no limit to the distance at which such switches and 
signals can be safely, reliably and expeditiously worked by means 
of our electric interlocking. As an illustration, it may be 
of interest to note here that by far the largest interlocking plant 
in the world, one of our dynamic indicating type, at the Grand 
Central Terminal of the N. Y. C. & H. R. R. R., New York City, is 
operated most successfully finder conditions where it is impos- 
sible to have any view from the interlocking station of trains, 
tracks, switches, or signals. 

It would be possible, as is recognized by all who have closely 
observed and carefully studied the trend of American signal 
practice for a score or more of years, to cite almost number- 
less additional conditions each of which has had some part, 
big or little, in determining why it is that electric interlocking 
has been and is being increasingly installed in units varying 
all the way from four to four hundred levers; why it is 
used with equally satisfactory results at small junctions, 
yards and crossings where traffic is light ; at hundreds of 
points of medium traffic where machines of from sixteen 
to forty-eight levers are required and at the busiest and 
largest terminals ; but such a citation would be long, and after 
all, the whole matter can be briefly summed up by saying that 
the reasons why more of our dynamic indicating electric inter- 
locking machines have been installed in the last ten years 
than of all other types of power interlocking in the past twenty- 
eight years, and why they are being so largely employed 
where formerly only mechanical machines would have been 
considered are — that experience has fully demonstrated that 
wherever and under whatever conditions of traffic or climate 
our dynamic indicating electric system has been tried it has 
been found superior to every other type of interlocking, in 
safety, reliability, economy and rapidity of operation and in 
its adaptability to every present and prospective need ot t\v^ 
user. For these reasons, the writer hazards t\\e ^t^^xoNXsya. 
i^ABt within the next ten years many impoT^isirvt Kxcvensi^xv 
railways win closely approximate to a conditvoxi ^\veTe e^er 
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block signal and every interlocking machine, large and small, 
over long stretches of their main line will be controlled, operated 
and lighted by power supplied from central energy stations, 
and where, in consequence, mechanical or any other than 
electric interlocking will be almost as much a thing of the 
past as is the "horse car" on the street railways of to-day. 
To such readers as may be inclined to regard this forecast as 
wild or visionary, the writer suggests the perusal of the preface 
prepared by him for the 1902 Electric Interlocking Catalogue, 
and that this may be readily done, that preface is reprinted 
herein (see page 405). After noting the forecasts made in 
1902 and finding that every claim therein advanced for the 
then newly introduced electric interlocking system has been 
fully met and that its general adoption has more than realized 
the most sanguine expectations then entertained for it — the 
reader may be less inclined to be over skeptical as to the pre- 
diction made for the coming decade. 

To meet the requirements of the many present and prospec- 
tive users of our dynamic indication electric interlocking, we 
have prepared this Handbook, wherein it is sought to furnish 
data that will be useful to all those seeking a true understanding 
of the dynamic indication principle, and to those who are 
required to prepare bills of material for, or to install, operate 
or maintain our electric interlocking. 

w. w. s. 
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'» G. R. s. ELECTRIC INTERLOCKING SYSTEM 



SETTING FORTH THE PRINCIPLES IN- 
VOLVED AND GIVING A liRIEF DE- 
SCRIPTION OF THE APPLIANCES USED 



G. R. S. ELECTRIC INTERLOCKING 

SYSTEM 

Requisites op a Properly Designed Interlocking 

System 

INTERLOCKED switch and signal appliances were first de- 
vised and used at junctions and terminal points for the pur- 
pose of reducing the number of men employed to go from 
switch to switch, throw them by hand and then give a hand sig- 
nal for the train to proceed over the route thus lined up. It was 
soon found that operating the switches and signals from a central 
point under the control of the levers in an interlocking machine 
greatly expedited the handling of traffic. By far the greatest 
accomplishment of interlocking, however, was the addition of 
an enormous factor of safety at such points to train operation. 

Inherent in the system of mechanical interlocking which 
first was employed to control the switch and signal functions 
were certain recognized shortcomings as regards safety and 
facility of operation. 

Systems of power interlocking in the field prior to the intro- 
duction of the electric dynamic indication system, now owned 
and manufactured by the General Railway Signal Company, 
although giving increased facility of operation, did not and 
do not provide the greatest safety obtainable with this increased 
facility. 

The features of vital importance in considering the merits 
of any system of power interlocking are those which are 
designed to give the greatest measure of safety together with 
facility of operation. The two features most important to 
safety are: 

First — The means provided to check the correspondence 
of movement between lever and the switch, signal, or other 
function controlled by it. 

Second — The means for preventing unauthorized move- 
ment of switches, signals, or other controlled functions. 

The reliability of the means by which the above protection is 
secured determines more than anything else the safety of a 
?iven system of interlocking. In fact, this is so vital that an 
interlocking plant without a thoroughly dependable system 
for insuring correspondence between its levers and the operated 
functions, and for preventing the unauthorized movements of 
such functions, is absolutely unsafe. 

The G. R. S. electric interlocking system fully meets the 
first important requirement of checking the correspondence of 
movement between lever and operated function by means of 
the dynamic indication, energy for which is furnished by a 
momentary dynamic current generated by the motor ol tVv& 
operated function itself when and only when tVve ^.ctvi'aX cy^^^- 
I'on of such function shall have been properVj c,oxw^\fe\-^^- 
ontrast this with systems employing X. C ox \i^\X.ers 
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indication, in which the indication ia secured from energ} 
existent a^t the function prior to and during the movement o 
that function and dependent only on the closing of a singli 
break id the indication circuit. 

The use of the dynamic current, generated by the momen 
turn of the motor of the operated unit at one end of the circwi 
and so giving the desired indication at the kver at the other em 
of the cirevU, prevents the receipt of a false indication due to i 




crosa between the wires of the circuit, and is, therefore, correet 
in principle. 

The unauthorized movement of switches or derails, or th( 
improper clearing of the signals is prevented b^ a simple and 
effective method of cross protection, the basis for which is 
inherent in an electric interlocking system using dynarait 
indication. It is a notable feature that the second require- 
meat is met by a means in which all the contacts required for 
tfiis protection form a part of the operatiTigcVccmtA'ti-'^ia'^Vwcfc 
I'ng their integrity at each operation. 
■'0 order to fully consider the audvantagea ol t'he C."^. 
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Elements of G. R. S. Elbcteic Interlocking 

System 

A complete installation of the General Railway Signal Com- 

any's electric interlocking system comprisea the following 

lements: 

First — A source of power consisting of a storage battery 
nth its charging unit. 
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Second — Power control apparatus introduced between the 
>virce of power and the interlocking machine. 

Third — An interlocking machine with levers for the control 
f the switch and signal mechanisms. 

Fourth — Switch mechanisms, their operating and indicat- 
ig circuits. 

Fifth — Signal mechanisms, their operating and indicatii^ 
rcuits. 

Sixlh — Means tor the prevention of unauthorized move- 
lent of any function. 

In connection with such a system may be msfciVifei. »\efe. 
ocesBories in the way of track circuits, dctectcit XwIwcls;,, 
ute locking, indicators, annunciators, etc., as tub.-^ ^« ^"^ 
5irfat eacA individual instalktinn -^ 
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Source op Power 

The source of power, from which the G. R. S. system 
of electric interlocking is operated, consists of a storage 
battery having an approximate working potential of 110 
volts, this battery bemg charged by a power generating 
unit, which frequently is a generator driven by a small 
gasoline engine. 
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Fio. 3. Mi.nEL 2 UxiT Lever Type Intehlocki.so Machine. 

1.AHB Htbeet Ixtehlockin-o Plaxt, Chicaoo 

Tekjii\ai„ C 4 N. W. R't 

Power Control Apparatus 
Power is delivered to the interlocking machine under the 
control of protective apparatus, mounted on suitable switch- 
boards. 

Interlocking Machine 
The operation of each switch and signal function is controlled 
by levers, which with their respective locking tappets, indica- 
tion magnets and circuit controllers, are mounted in a common 
frame, tne whole being known as an interlocking machine. 

Starting with the lever in either of its extreme positions, 

f/ie stroke of the lever is divided into two moveTcientA, The 

ffrst movement iocka all ievera conflictiriK'wvtViteivft'w -DoatvOT 

snd operates the function. The second and fttvaX t 
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of the stroke releases such levers, hitherto locked, as do not 
conflict with its new position. Except in the reverse position 
of a Bignal lever, this final movement can be made after, and 
only after, the dynamic indication has been received certifyinE 
that the operated function has assumed a position correspond- 
ing with that of its lever. 

Switch Mechanism — ^Its Operating and Indicating 

Circuits 

Each switch and derail is thrown and locked by a switch 

and lock movement driven by a series wound direct current 




N. Y, c. & H. u, li. K, 



motor. Two wires are used for its control, one for the normal 
and the other tor the reverse operation. These same wires 
are wsed for indicating purposes, the normal control wire being 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

The circuits for a switch are shown in simplified form m 
Fig. 5, the operating and indicating currents in the different 
diagrams being shown by the red lines. 

When the switch {normal position) is to be operated the 
first movement of the stroke of the controlling lever carries it 
IS far as the reverse indication position and pemi\\s c-a.Tieii.\,\» 
BowasshoBTi in Fig. 5B, which causes the mec\va.'ti\a'n\ to ttiONw, 
Ae switch points to the reverse positioti and VocV. ■Otiero v 
lat position. When this movement has been com?\%*w6.^" 
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Snitch Reverse 



Lever Full Reverse 
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Snitch Reverse 



Fig. 5. Simplified Circuits for M-Ouel. 2. ob. "NLo\>ia\* ^: 

Switch Machine 
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ircuit through the switch motor is automaticalljr changed, 
isconnecting the motor from battery and connecting it id a 
losed circuit including the indication magnet (Fig. 5C) ; at the 
ime time the armature terminals are reversed for indication 
urposea, thia leaving the motor connections in proper position 
ir the next operation. The motor (now a generator) with 
he momentum acquired during the operation of the switch 
lovement, generates a momentary current which enei^izes 




he indication magnet, thus permitting the final n 
he lever to be completed (Fig. 5D), 

The operation of the lever and function from the reverse to 
he normal position is accomplished in the same manner. 

A useful feature, not usually obtainable in other power sys- 
ems, is that the movement of the switch points may be re- 
'ereed at any portion of their travel at will by the operator, 
ind the lever movement completed upon the switch points 
isBumin^ a position corresponding with tViat ol ttift \fev«c, 
rreapective of the direction of the first movertieTit mai'i \i-j 

TTie complete switch operation and fina\ movement <i^ 'i^' 
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lever may be accomplished in from 
two to two and one-half seconds, 
the indication being practically 
instantaneous with the completion of 
the switch operation. 



Signal Mechanism — Its Opera- 
ting AND Indicating Circuits 

The description of signal mechan- 
isms will be confined to the non- 
automatic, two position signal, as this 
will show the principles involved in 
all types of motor driven signals now 
used m the system. 

This signal is operated by a 
mechanism in which the motor is 
directly connected to the semaphore 
shaft through low reduction gearing. 
The signal is held at proceed during 
such time as its controlling lever is 
in the reverse position solely by a 
dense magnetic flux thrown across 
the air gap between the motor arma- 
ture and the field pole pieces (holding 
field pole surfaces are serrated) by 
cutting the windings on the holding 
field poles in series with the operating 
field windings. 

Each signal requires for its opera- 
tion and indication one wire and a 
connection to the common return wire. 
A simplified circuit for this type of 
signal is shown in Fig. 8, the path 
taken by the operating, holding, and 
indicating current in the different dia- 
grams being shown by the red lines. 
Upon reversal of the controlling lever, the signal 
mechanism will receive current as shown in Fig. 8B, 
this causing it to move the blade to the proceed 
position. When the signal blade has assumed this 
position the circuit breaker cuts in series with the 
operating field and armature, the high-resistance 
holding field, thereby retaining the signal arm at 
proceed (Fig. 8C). The holding field windings have 
a high resistance, v/hich reduces the current to that 
employed for holding the signal at proceed. 

When the signal lever is placed in the normal indicating 
position, energy is cut off from the motor and WvebY-aLd-^TetMrus 
^^ ^^^^ /?05[zYiOi3 by gravity, causing the a\^iva\ Tcv^c^oa^Ksssoi 
3i2a motor armature to revolve backward to t\ievT onjgiTflliL 



Fig. 7. 

Model 2A 

Signal 
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position. Just as the blade reaches the stop position the 
action of the circuit breaker connects the motor armature and 
operating field into their original closed circuit (Fig. 8D), in 
which is included the indication magnet. Due to its acquired 
momentum the motor (now a generator) produces an indica- 
tion current in this circuit which permits the controlling lever 
to be moved to the full normal position (Fig. 8E). 

It is universal practice to indicate the signal lever in the 
normal position only, this insuring that the signal blade is in 
the stop position before releasing any of the switch levers in 
the route governed. No safety features are sacrificed if the 
signal fails to assume the proceed position upon reversal of its 
controlling lever. 

Dynamic Indication. The iise of the dynamic indication as 
described above has the follovring advantages: 

First — The indication is not secured from energy existent 
at the function prior to the movement of that function and 
dependent only on the closing of a single break in the indica- 
tion circuit, as is the case in A. C. and battery indication 
systems; but being a dynamic current generated by the mo- 
mentum of the motor, it can be secured only after actual opera- 
tion of the function. 

Second — The energy for the indication is developed at one 
end of the circuit and the indication magnet is located at the 
other; hence a cross between wires prevents indication, whereas 
in systems which use the battery in the interlocking station 
for indication a cross tends to cause indication. 

Third — No extra power is required for indication. 

Fourth — The indication current ceases automatically with 
the stopping of the motor and, therefore, no auxiliary devices 
or operations are necessary to cause it to cease. 

Fifth — No additional wires are required for indication. 

Sixth — The generated indication current automatically 
"snubs" the motor and causes it to stop without shock and 
without the use of buffers, springs, or auxiliary snubbing 
circuits. 

Seventh — The indicating circuit is automatically checked 
as to its integrity every time an indication is received, and 
being a closed circuit of low resistance around the motor, it 
shields the motor while at rest from all foreign currents. This 
inherently provides the foundation for the simple and effective 
cross protection system employed with the G. R. S. electric 
interlocking. 



Means for the Prevention of Unauthorized 
Function Movements 

The cross protection system preveivts t\ie Aixv-aML^woft^ 
movement of any switch, signal, or other tMivcXXox^ ^>3kfe \ft 
energy improperly applied to its circuit tYiTOU^Yi a cto^aXi^t-^^so 



a, by cutting off current from the function in the event ot 



As explained under "Dynamic Indication," all functions are 
orraally on a closed circuit of low resistance. Connected in 
jch of these circuits is a small polarized relay through which 
U operating and indicating currents must pass in a direction 
a maintain the relay's contact closed, while all currents from 
unauthorised source must pass in the opposite direction 
tua instantly opening the contact. Through all these con- 




;ta in series is controlled the retaining magnet of an electro- 
^hanical circuit breaker, which ia introduced into the power 
dns between the storage batteiy and the interlocking ma- 
ins. Hence, a cross onto the circuit ot a function at rest, 

opening the contact of its polarized relay, opens the electro- 
!chanical circuit breaker, cuts power off from the interlocking 
lehine and thereby prevents any improper movement ot 
3 function. 
In a simple plant a single electro-mechanical circuit breaker 

ordinarily installed, this preventing the movement of all 
nctions at any time the circuit breaker may be open. Where 
iffic conditioas warrant the increased expenditiite, a-iSVCwKa^. 
iTu/f breakers may be provided to permit ol 4vn.iSM\% \:&ft 
nt into as many sections as may be desired. 
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The design of the circuit breaker is such as to make it impos- 
sible for a leverman (thoughtlessly or through ignorance) to 
prevent it from performing its function. 

Cross Protection. The cross protection secured with the 
G. R. S. electric interlocking system has the folloiving advantages: 

First — All contacts and connections depended upon for 
cross protection are either on closed circuit or are used for opera- 
tion and indication, so that any failure of these contacts and 
connections, which would impair their usefulness as a cross- 
protective medium, also prevent operation and indication. 
Hence they are under a constant, automatic check without the 
use of any extra contrivances for this purpose. 

Second — Wire insulation is not depended upon for cross 
protection. This system at certain installations has given 
years of safe operation with wire, the insulation of which does 
not measure up to the usual standard. 

Third — The cross protective apparatus consists of the polar- 
ized relays and apparatus on the operating board ; no wire or 
additional appliances are required outside of the station to 
secure this protection other than the simple apparatus already 
installed for the operation of the various functions. 

Fourth — The switch and signal motors, being of low resist- 
ance, require a current of several amperes for their operation; 
therefore, a cross to produce the operation of any function 
must be of very low resistance. Thus it will be seen that the 
system is not sensitive to the effect of crossed wires. Not- 
withstanding this fact, an efficient system of cross protection 
is provided in the G. R. S. system. 

Conclusion 

The comparative value of different systems of interlocking 
may be accurately determined by a consideration of but four 
essential factors. These four factors must be present in any 
interlocking system to warrant its use. They are: Safety, 
Facility, Reliability, and Economy. 

Safety. 

The factor first demanding consideration is that of safety. 
This essential of an interlocking system overshadows all other 
considerations, and in the ideal system the safety must he 
absolute. The G. R. S. electric interlocking with dynamic 
indication provides a factor of safety that is the closest approxi- 
mation to the ideal known to those skilled in the signaling art. 
This is verified by the statement made by a disinterested 
committee in an able report based on a study of various types 
of power interlocking systems, presented to the International 
Confess of Application of Electricity \ie\d ^t ^I^T^^t», 
^^nce, in 1908, this statement being worded ^.a io\\o^B.\ 

The safety of an interlocking plant is depexvdeoJt «k\^^ 
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upon the existence of a positive, reliable indication of corre- 
spondence between the position of a lever and its controlled 
function. * * * the Taylor (G. R. S.) system meets 
even this requirement. In fact it insures absolute reliability 
of indication by employing the motor as a means for generat- 
ing the required current as explained above — so that it is 
certain that the indication given cannot ever be due to de- 
fects in wiring. Then, this indication having been received 
in the interlocking station, it establishes a control which is 
permanently maintained by a source of energy located in 
the station. Moreover this permanent control utilizes identi- 
cally the same circuit that is employed in the normal operation 
of the function; in consequence, the circuit used is one that 
must be maintained in good, operative condition for each 
movement of the function. 

It will therefore be seen that by virtue of this arrangement, 
the Taylor (G. R. S.) system insures permanency of indica- 
tion ; that it is economical since it utilizes the operating source 
of energy located in the station, and that it is absolutely 
trustworthy since it is in no sense subject to any danger from 
crossed or grounded wires." 

Facility. 

The facility offered by any given interlocking system depends 
largely upon : first, the rapidity of operation of the individual 
functions, and second, its capabilities for permitting simulta- 
neous operation of a number of functions. In such a system 
the amount of time required to move traffic is reduced to a 
minimum. 

By incorporating the above two features in the design of the 
system, the G. R. S. electric interlocking fully meets all 
demands for facility of operation. This has been repeatedly 
proven by the peitormance of the system at points where 
the traffic conditions have imposed the most exactmg operating 
requirements. 

Reliability. 

The reliability of an interlocking system is primarily de- 
pendent upon the fundamental principle underlymg its opera- 
tion, and m general it may be said, without fear of contradic- 
tion, that unless the principle is simple, it is not correct. The 
correct principle having been adopted, the reliability of the 
system then depends upon a proper design of each and every 
part of the devices used to put the principle into practice. 

It is recognized that the principles of operation of the G. R. S. 
interlocking are correct, and the circuits simple to an extreme 
degree, no radical changes having been made in eitVvex ^vwc^ 
the introduction of the system. The parts ot a\\ app^cwlM^ ^^^ 
ftrongr and rugged, and capable of performing tYira i\«vcXAQrcs9» 
itbout undue wear and tear; furthermore, t\ie de^\^ o^ ^ 
xrts of the apparatus has been so very caxeiMW^ ^erle«Jc«a 
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during some twelve years' experience that their form now 
represents the very best engineering practice. 

As an e^^mple of the system's reliability of operation, 
records published by an important railroad covering a period 
of one vear show a total of 2,615,406 switch operations, in 
which the number of imperfect operations were so few that 
they did not exceed one to every 186,814, and the total traflSc 
detention for the year was only seventy and one-half minutes. 

Economy. 

Due to the correct design of the apparatus and resultant 
long life of same, the cost of renewals is practically negligible. 
This, together with the marked simplicity of the circuits, 
insures a cost of maintenance much less than in any other 
system of interlocking. The cost of operating also shows a 
corresponding economy, not only by the fewer number of 
men required for the operation of the power system as com- , 
pared with the mechanical system, but also in the cost of \ 
power when compared with other power systems. Carefully 
Kept railroad records show that the power cost is but one cent 
for 300 to 400 switch and signal movements. 

A most minute analysis and extended description of the 
merits and advantages of any given system of interlocking 
fails to be convincing unless the truth of all the statements 
are thoroughly substantiated. That the above statements 
concerning the G. R. S. electric interlocking system must 
be true, is shown by the well nigh universal adoption of the 
system, both for large and for small installations. 

Four hundred and forty installations have been made or | 
are under contract on some eighty different railroads in all \ 

Earts of the United States and Canada, a considerable num- ' 
er of plants also having been installed in Europe. On the 
basis that one interlocking lever in use for one year equals 
one lever year, the G. R. S. system now shows a record of 
110,000 lever years. 

The satisfactory operation of these installations, large and 
small, under widely varying conditions of both climate and , 
traffic, is a most convincing demonstration that every demand 
for an interlocking system has been met in a most satisfactory 
manner by the G. R. S. electric interlocking. ' 
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SECTION II 



G. R. S. ELECTRIC INTERLOCKING 

APPLIANCES 



GIVING A DESCRIPTION OF THE AP- 
PLIANCES USED AND THEIR MEITIOD 
OF OPERATION 



INTERLOCKING STATIONS 
The Interlocking Station 

THE interlocking station, from which the various switch 
and signal fimctiona of the plant are operated, is usually 
a two-etory building similar in appearance to those used at 
mechanical plants. The station does not require the same heavy 
construction used in mechanical work on account of the fact that 
the movement of the levers of the electric interlocking machine 
puts absolutely no strain on the btiilding. It should be noted 




in this connection, however, that the frame building generally 
used in the earlier installations is of late years being largely 
supplanted by the more substantial brick or concrete structure. 



Size of the Building 
The station can be much smaller than that reauired for 
mechanical plants of the same number of functions due to the 
smaller size of the interlocking machine. The length of the 
building is usually determined by the size oi the Vnteftw^wvi, 
machine; the width, however, is generaHy \n exceaa qI 'Om^'^ 
«go/red for the machine, being increased to accomT(\o&iA;fc 



[equirea lor zae machine, bemcr increased to accomv 
the table, lockers, etc.. needed %y the operator, aud 



■Cw 
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Fig. 11. Typical Plans op Ixterlockinq Station fob 
Eighty Lever Machine 



Arrangement of Apparatus 
The different methods of arranging tlie apparatus in the 
station is shown by F^s. 11, 13 and 15, which may be 
taken as typical of small, mtermediate and lar^e sized stations 
respectively. By reference to these illustrations it will be 
seen that the general practice is to locate the interlocking 
machine, the operating switchboard and such accessory appa- 
ratus as track diagrams, indicators, etc., on. t\\e top ftotn.'Ot*. 
storage battery in a room by itself on the lower ftooT , a.^& "Ctvfc 

cMiving apparatus on the same floor with fVie ^tatterj ot 'hi. *. 

buildmg separate from the interlocking station. 
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Points to be Noted 

The design of the building should be such that the floors 
will be sufficiently rigid to properly support the machine. 

Wherever possible the general practice is to have the operat- 
ing room liberally supplied with windows to permit the operator 
to have a clesr view of the tracks throughout the plant. 

It is highly desirable that the conduits or ducts provided for 
the runs of electrical conductors about the tower should be 




of aufficient capacity to have 2j per cent spare space after 
all wiring is in place 

No special foundations are required for the apparatus used 
in an electric plant except when the charging generator is 
dnven by an eneine in which case a substantial foundation 
should be provided for the engine so that the building wi]l 
not be subjected to any vibration during its operation 
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POWER PLANTS AND SWITCHBOARDS 

Composition 

THE power equipment tor the G. R. S, Electric Interlocking 
plants is usualfy composed of a storage battery, suit&ble 
means for charging the battery , a 
operating switchboard. 







Location 
The location of the units which compose the power plant 
varies eonsiderahly on different installations. The operating 
switchboard is always located in the operatine room, being 
placed whenever possible in such a position that its meters 
and indicating lamp are in full view of the leverman when 
manipulating the levers of the machine. The storage battery 
13 ordinarily located on the first fioor of the interlocking 
station. The power switchboard and charging apparatus at 
many installations are placed in a room adjacent to that occu- 
pied by the battery, although building restrictiotia ot l\\e weed. 
o! apace for workrooms or offices often ma\te \t liftcessayj Vi 
louse this apparatus in a building separate trom t'de "■Wwai 
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WER PLANTS AND SWITCHBOARDS 

Composition 
; power equipment for the G. R. S. Electric Interlocking 
ats is usimlfy composed of s. storage battery, suit&ble 
ins tor charging the battery, a power switchboard and an 
g switchboard. 
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The interlocking battery usually consists of one set of 
stor^e cells having a potential of 110 volts. A second or 
duplicate battery is furnished on a few of the lai^r instalia- 
tion3 to insure sufficient power for any possible emergency. 




The capacitj^ of the battery used should be based on the num- 
ber of function movements between battery chaises and the 
current used for all auxiliary apparatus. 

The battery as usually installed comprises fifty-live lead 

type storage cells. When long runs of conductors between 

the battery and j'nteriocking machine ate neceesary, one or 

,'7"""^'^^/s are sometimes added to t\ieba.ttecv U) aoYw^tsMaSR 

joj- the voltage drop which occurs in fhe toQiuatwra "m^oso 

et'er several switch functions are operated at fhe sam-ft^cac 



This may also be taken care of by using wires of larger carry- 
ing capacity than would otherwise be necesBary. 

Low voltage batteries are frequently installed to operate 
annunciators, indicators, relays and electric locks, and occa- 
Monally to serve the track circuits of the interlocking plant. 
Opentting the relays, indicators, etc.. from a low voltage 
battay usually proves more economical than to take current 
for that purpose from the main battery. 

Charging Apparatus 

Hie charging of the battery is generally accomplished by 

means of a shunt wound generator driven by an electric motor 

iH* gasoline engine. The generator should be capable of de- 



livering the desired current at any volt^e from 110 to 160, 
the current output being determmed by the chai^ng rate 
recommended for the batteries installed. In [the event of the 
generator being used to supply current for lighting, either 
regularly or in case of emergency, the additional capacity 
required for the purpose should not be overlooked. 

When the generator is located at some distance from the 
battery it is necessary to take care of the voltage drop due 
to the resiHtance of the charging circuit, either by increasing 
the size of the eonductora or hy using a generator having a 
higher voltage rating. 

Whenever current of suitable voltage and from a reli- 
able source can be secured at reasonable latea, via iiat \a tet- 
omnjended. The motor-driven generator, relerrei Vi a\«wft, 
J iMa&fe mtb either a/teraaf ing or direct current, fhe ^awsra.'wt 
eiag saan or belt connected to the motor aa ^To^e?, -nwi* 
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convenient. If the current supply is direct, a charcing rheostat I 
can be used for the battery charging, or if (Jteniatiiie, a 
rectifier employed. i 

Chai^ng rheostats, having no moving parta, are the aimpleat I 
and most reliable of the different types of apparatus which can 
be used in this work. They are, however, very much less 
efficient than other trattei^ chargii^ devices, and therefore 
should not be used when tne cost of power ia an item to be 
considered. 

Motor generator sets are compact, reliable and, furthermore, 
highly efficient. When used on this type of work, they can 



be designed for operation on voltages as high as 550, the 
lower voltages, however, being recommended as most satis- 
factory from the maintenance standpoint. 

Power Switchboard 
The power switchboard most frequently furnished (Fig. i 
20) is arranged to control the charging of one set of storage ' 
batteries from an engine driven generator, and in conjunctjon 
with the operatii^ hoard to control the power delivered to the 
interlocking machine. 

It may be placed in any accessible position in the power 

house, convenience in making the runs of electrical conductors 

between the power board, the charging apparatus and the 

battery being considered. 

The size and arrangement of the power toari Iot ffiffimeW. 

mstaiiations is determined by the metho4 ol c\va.TieL-Kt *>« 
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battles, the number of sets and voltage of each battery, and 
whether or not the board ia to control any electric lignting 
which may be installed at the plant. If a motor generator 
set is to be controlled an additional panel for its starting device 
can be mounted on the Bwitchboard frame. 
When the track circuits in the plant are operated from 




js orfrom transformers located in the interlocking 
station, it is customary to serve these track circuits through 
switches on the power board. 

On the switchboard shown in Fig. 20 are mounted a 
no-voltage, reverse^urrent circuit breaker, a field rheostat, a 
voltmeter, an ammeter, suitable switches, and the necessary 

The no-voltage, reverse-curren t c i rcuit breaker , ■«Vwi\\.\a^\aK.^ 
in the charging circuit between the generator and \ia.V\,eT^ ,\^ 
designed to open m case the voJtage of the geiieta.tOT ta.\\s'toeVi"« 
that of the battery. Bymeansoi thia arrangement t\ve c)ma.t^ 
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ot the battery can be accomplished without the constant atten- 
tion of the maintaiaer, this permitting inspections to be made 
at such intervals as may be moat convenient. 




the 



The rheostat connected in series with the generator field 
permits the generator voltage to be accurately regulated. 
The voltmeter and ammeter are arranged to ?,\ie Teadings on 
the chai^ng or discharging circuits aa deaired. 
The Simplified diagram (Fig. 22") stows the ^tKncv^Va o^ 
' circuits used in connection ••nittx. fhia boaii wii c\b3x\ 
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.tea the functions of the various devices essential to the 
control. 

Operating Switchboard 

operating switchboard shown in Figs. 24 and 25 is 
. of those furnished where all functions in the plant are 
^ntroUed throueh a sinde circuit breaker. When the 
B sectionalized tne board must be equipped with addi- 
drcuit breakers, one being required for each section. 

apparatus mounted on the board illustrated consists 
cross protection circuit breaker with its indicating red 
a polsoized relay, a ground lamp and switch, a volt- 
and an ammeter. A panel for lighting switches can be 

to the switchboard frame when it is desired to control 
hting from this point. 
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tG. 26. Simplified Circuits for Operatimj SwiTriiuoARi) 

ag of the cross protection circuit breaker contacts correspoiula 
with the lettering used in Figs. 01 and OO. 



cross protection circuit breaker, introduced into the 
mains leading to the interlocking machine, is so controlled 
1 the event of current being improperly applied to the 

of any function at rest, the circuit breaker will open 
ut all power off from the system. The red lamp is 
;ed to be lighted at this time to call the leverman's atten- 
> the fact that the circuit breaker has opened. 

design of the circuit breaker and its cover is such that 
not be prevented from opening should a cross occur, 
n it be restored to its operating position except by means 
restoring handle. 

simplified circuit (Fig. 26), in which is included only 
>paratus essential to the circuit breaker control, shows 
tSLimnff magnet of the circuit breaker coivtroWe^ \3KCQiM^ 
'arized rela^ on t/ie switchboard and tViose on \)ciem\.«- 
macbine in such a manner, that, shou\d Sitv"^ oi ^«ws. 
heir position, the circuit breaker m\\ immedVaX^VV ^^««^. 
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The polarized relay on the switchboard is to guard against 
the effects of an accidental cross between the positive and 
indication buss bars on the interlocking machine, the relav 
operating in the same manner as the polarized relays which 
protect tne various switch and signal functions. 

By means of the groxmd lamp and switch, the plant may be 
tested for positive and negative grounds. 

The voltmeter indicates the battery voltage at the terminals 
of the interlocking machine. 

The ammeter snows the current taken by the various func- 
tions when they are being operated. By observing this current 
reading the operating conditions of each function can be 
determined. This is particularly true of the switch functions, 
the need of oiling or adjustment being readily detected from 
the abnormal amount of current or length of time required for 
their operation. 



y 



ELECTRIC INTERLOCKING MACHINES 
Interlocking Machine Control 

THE interlocking machine used with the G. R. S. system 
controls the movement of switch and aknal functions 
throi^b the medium of suitably interlocked levers, which 
with their guides, indication magnets and circuit controllers, 
are mounted in the common frame as shown in Fig. 27, 
Genial practice is to furnish an individual lever for each signal 




arm and for each switch function, except where two switches 
are to be operated together, in which case their levers are rigidly 
connected and operated as a unit. 

The demgn of the machine and the controlling circuits is 

such that the following' features essential to saie opeta.\X.<3Ti «x« 

aBorded: 

A'lrv/ — No lever can be moved from a given DOs\t\im \.l Wi"} 

other leva; meeMnicaUy interlocked therewith, \a m ®i<^ «• 



position that its controlled function will conflict with the 
function to be moved. Furthermore, due to the mechanical 
locking beii^ of the jjreliminary type, before the given lever 
can be moved from its position, all theae conflicting levers 
will be locked against movement until such time as it is proper 
for them to be released. 




N. Y. c. i H. IL 11. It. 



Second — The full movement of any switch lever cannot be | 

completed until the controlled function has moved to, and been I 

Jacked in, the position corresponding with that of the lever. I 

Tn the case of a. signal lever this corces'poTide'cice of position is I 

required only on the normal movement ol ^W \e^ei, ii>i^ \ 

can be completed only after the evgnai stna ^laa •» 

i^Jiestop Dositinn 



^ stop position. 
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Third — Each function when in a position of rest ia pro- 
tected against any unauthorized operation which might otner- 
wise be accomplished through current being wrongfully 
applied to its controlling circuits. 

In explainine the operation of the lever, its movement ia 
conaidered as neing divided into three parts, the prelimi- 
nary, intermediate and final. In order that the reader may 
not he confused on account of the lever operation having 
Jlieviously been described as being performed in two move- 
-moitfl (ptige IS), it is desired to point out that the pre- 




liminary and intermediate part usually ci 

uous movement, it being necessary to separate them, however, 

when considering the detail operation of the lever. 

The following description is based on the operation of the 
switch lever. Each of these levers is provided with a cam 
slot, by means of which intermittent motion is transmitted to 
its respective tappet bar and thence to the cross locking. In 
Fig. 30 the dotted circles 1 to 5 in the cam slot indicate the 
positions of the locking tappet roller which correspond with 
the like numbered position of contact block 7.. \t\ 'Oti* ij^fe- 
llminary movement of the lever from posvtioTv \ lo t, ^aa 
lockiog tappet ia moved through one-haU oi '".t?. s^-iOtft 
t locking all levers -which corvfiict -«\tb. t\i.e ■&«' 
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position of the lever in question; in this movement no change 
whatsoever is made in the operating circuits. During the 
intermediate part of the travel nrom positions 2 to 4, the tappet 
bar remains stationary and the contact block Z is moved out of 
en^gement with springs YY and into contact with spring 
Xx as shown in Fig. 31, this setting up the circuits for the 
operation of the function. The lever is held at this point, 
(position 4), through the mechanical design of the lever proper, 
xmtil such time as the function having moved to a correspond- 
ing position, generates the dynamic indication current which 
effects the release of the lever and permits its movement to 
position 5. During this final movement from position 4 to 5, 
the stroke of the locking tappet is completed, thereby unlocking 
nil levers which do not conflict with the new position of the 
operated lever. 

The method by which the lever is prevented from completing 
its stroke, until the controlled function has moved to a corre- 
.sponding position and has sent in its indication, is illustrated 
by the following : in moving from positions 1 to 2 projection M 
on the lever coming against projection K on latch L, causes 
the latch to assume the position shown in Fig. 31. This 
brings projection J on latch L into the path of tooth Q on the 
lever. In moving from position 2 to 4, tooth Q engages with 
cam N, rotating it to tne position shown in Fig. 31. As it 
passes the central position (shown dotted in Fig. 31) it comes ' 
m contact with dog P which is forced under latch L, thereby 
locking the latch L in the position assumed. The lever is 
stopped at position 4 by tootn Q coming against projection J 
on latch L as previously explained. The indication current, 
by flowing through magnet I, lifts armature T which causes 
plunger R to strike dog P and trip it out from under latch L. 
The latch L then drops to the position shown in Fig. 30, 
thereby releasing the lever and permitting its final movement 
to be accomplished. 

The movement of the lever from reverse to normal is per- 
formed in a similar manner to that described above. Atten- 
tion is called to the fact that once the lever has been moved to, 
or beyond, position 3, it can neither be moved forward beyond 
position 4 nor back beyond position 2 without the receipt of 
an indication. 

The movement of the signal lever is identical with 
that of the switch lever except that no electrical indi- 
cation is required during the reverse movement, the lever not 
being checked at position 4 due to a change in the design 
of dog P, which is mechanically tripped at this point from 
under latch L by cam N. The mechanical locking insures that 
before a signal can be given for any route, that all switch and 
derail functions in the route are thrown to the proper posi- 
tions and locked in that position, and that 2t\\ o^^osixv^ «i^cia.\a 
are in the stop position. No changes caiv Yie m-a.^^ m >iJckfe 
'Position of any of these functions uivtW tVve \evec, <iOTA3K»KW|. 
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the signal displayed at proceed, has been replaced to its full 

normal position. 

The various functions are protected against unauthorized 
movement by means of the cross protection system, as de- 
scribed on page 89, the individual polarized relays which 
furnish this protection being mounted on the terminal board 
of the interlocking machine. All lever contacts which form a 
part of this cross protection scheme are used in the operation 
of the function, and hence are checked as to their integrity 
with every complete operation. 

Model 2 Unit Lever Type Interlocking Machine 

The description of the interlocking machine following is based 
on the Model 2 Unit Lever Type (Fig. 27) which is considered 
the standard machine. This machine is a development of the 
Model 2, still widely used, a cross section of this being illus- 
trated by Fig. 137. Modifications of the Unit Lever Type 
machine are shown by Figs. 32 and 138, the latter being 
himished when more contacts are required for supplementary 
circuits than can be secured on the regular lever circuit con- 
troller. 

The standard machine essentially comprises the frame, the 
levers with their guides, indication magnets and circuit con- 
trollers, the locking plates and locking, the terminal board, 
and the machine cabinet. 

Frame. 

The frame work, which consists of a bed, supporting legs 
and brackets, is substantially constructed, thereby insuring 
that all inter-related mechanical parts are maintained in their 
proper relative positions. For machines having a capacity up 
to forty-eight lever spaces, the bed is cast in one unit. Macnines 
of over forty-eight levers are made up of various combinations 
of beds bolted together to give the required lever spaces. 

Locking Plates and Locking. 

The locking plates are securely attached to the front of the 
machine tr&me^^ems furnished in tiers to a maximum of 
three, the number depending upon the amount of locking 
required at each individual plant. A fourth tier can be 
furnished when necessary by using a special form of leg, 
which has sufficient height to accommodate the extra tier of 
pkites. 

The locking plates are designed with vertical and horizontal 
slots, the locking tappets, one of which is attached to each 
lever, being fitted in the vertical slot directly beneath its 
respective lever. Movement is transmitted from the lever 
through the medium of the tappets to the cross locking, which 
sJides back and forth in the horizontal slots ol tVfe XocNjIyw^ 
Jates. The dogs used in the cross locking eaxi \i^ lum\^<^^ 
rewed or riveted to the Jocking strips, as desired. 
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Each tier of locking has eight of these horizontal slota, 
and each of tliese slots is capable of accommodatiiig four 
locking strips, thus giving this type of locldng bed a large 
capacity as is indicated by the fact that the locking required 
for extremely large and complicated layouts has been readily 
accommodated in three tiers. In fact, it is a very rare 
occuTTencB that the fourth tier is ever required. 

By using locWi^ of the vertical type no additional floor 
space is required beyond that ordiiiarily taken by the machine, 



FlO, 35, USTT TlTE S*1TI 



no matter how many tiers are provided. This t^e of locking 
also permits ready access for inspection or cleaning, or making 
any changes which may be required. 

Levers. 

Each lever with its guide, indication magnet, controllers, 

etc., comprises a complete unit in the interlocking machine, 

the design being such tnat the unit may be removed or replaced 

in tie machine without moving the lever tappet from the 

normal position or disturbing adjacent levccaKtiswi-j ^«^, "Vbd ■ 

Jever guide ia jointly supported by the top efise ol «tMi\<!iijQj^ > 

pJates and a ion^'tudinal bar fastened to tbe \«»k!im^, ■*& 
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circTUt controllers being screwed to two other bars which are 
supported by this same bracket. 
The circmt controller with which each lever is equipped can 
■t V be provided with a maximum of five tiers of contacts, con- 
b-j trolling five normal and five reverse independent circuits, which 
v affords more contacts than are ordinarily desired for supple- 
mentary circuits. 
ao\ The space required for each unit is but two inches, this 
lit permitting the complete machine to occupy less space length- 
wise than other existing types of interlocking macnines, either 
power or mechanical, having the same lever capacity. 

; Lamp Case and Number Plate. 

The combined lamp case and number plate is mounted above 
each lever, its base being attached to a plate screwed to the top 
of the lever guide, and its top to the cabinet frame. The num- 
ber plate is designed to lie at an angle which renders it readily 
visible to the operator when manipulating the levers. Bulbs 
and sockets are furnished only for such levers as may be 
specified, generally being used in conjunction with some type 
X of electric locking to give an indication as to whether the lever 
may be moved or not. If desired, a double lamp case can be 
- furnished to give two separate indications. 

Terminal Board. 

The slate terminal board is securely attached to the brackets 
on the rear of the machine On this board are mounted the 
switch and signal buss bars, the individual polarized relays, 
fuses for the operating circuits, and the termmal posts for all 
wires which form a part of any of the interlocking machine 
circuits. The wires running from the binding posts to the 
various contacts, etc., in the machine are made up as formed 
leads, thus presenting a neat and uniform appearance ; it also 
simplifies any ** connecting up*' incidental to the field installa- 
tion of additional levers to the machine. 

All fuses and terminal posts on the board are located directly 
beneath their respective levers, the terminal posts being 
lettered in correspondence with the circuit plan to indicate 
the wires which are to be attached to each post. 

Polarized Relay. 

The polarized relay which is illustrated by Fig. 36 is 
mounted on the terminal board directly beneath its lever. 
■^ It is provided with a soft iron core which lies lengthwise between 
the poles of a permanent magnet, the design being such that 
current passing in one direction through a winding on the 
soft iron core, tends to hold the relay armature liOTTftaX ^w^ 
contact closed, while current in the opposite dYreeWox^ *\twkv^ 
diately reverses the armature and thereby causes \?ae ecTRfca.^^- 
to open. An extension of the armature is pTON\ded lot c.atv- 



58 GENERAL RAILWAY SIGNAL COBIPANY 

venience in replacing it to the normal position should it for 
any cause be reversed. 

Indication Selectors. 

The indication selectors, one of which is used in connec- 
tion with each switch function, are mounted on a shelf sup- 
ported by a bracket on the rear of the interlocking machine. 
The selector is simple in design, consisting of two electro 
magnets and a contacting armature which throws in one 
direction when the lever is reversed and in the other when the 
lever is put normal. 




Fig. 36. Polarized Relay 

Interlocking Machine Accessories 
Lever Locks. 

The electric lever lock, illustrated by Fig. 35, may be 
applied to any lever in the machine, its winding being designed 
for operation on direct or alternating current. The lock is 
designed to be mounted on the top of the lever guide, locking 
the lever in any required position by means of a solenoid 
plunger, which, when the lock is de-energized, drops into a 
notch cut on the top of the lever. These notches may be 
arranged so that the lever will be locked in any position as 
required by the electric locking circuits used at the plant. 
The circuit for the lock coil is broken through a contact spring 
actuated by the lever latch, the lock therefore not consuming 
energy except when lever is to be moved. 

Mechanical Time Release. 

The mechanical time release furnished with the G. R. S. 
interlocking is illustrated by Fig. 37, and the method of its 
application to the machine by Fig. 38. It is used in connec- 
tion with electric locking circuits to effect the release of a 
route in case of emergency, this being accomplished by manipu- 
lating the release to its full reverse pos\t\oxv, ^.\, ^>Ktfs)a. ^cJoA. ^ 
contact is closed to pick up a stick relay, exieT^T^^^X^MecVx^, > 
Gtc. The first movement of the device to^^T^ \)afc ^e^'sm 
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position, however, mechanically locka, 



their given positions 
route, this neceesitat- 
normal position before 



the levers controlling all functions ii 

ing that the release be returned to it ^ . 

the route can be changed. The operation of the release to the 
reverse position and back to the normal pomtion affords a 
time interval of about two minutes. 




SWITCH OPERATING MECHANISMS 
Switch Machinb Control 

SWITCH and derail functions in the G. R. S. system are 
operated by switch and lock movements, driven by series 
wound direct current motors. 

These switch mechanisms, each of which is under the con- 
trol of a lever in the interlocUn^ machine, require fop tlieir 
operation two wires only, one being used for the normal 
and the other for the reverse operation. These same wires 
are used for indicating purposes, the normal control wire bdng 
used for the reverse indication and the reverse control for the 
normal indication. The circuit is connected to main common 
at the switch location. 

When the lever is moved to a position to cause the operation 
of the switch mechanism (see dotted position of lever con- 
tacts in Fie. 39), current is taken from the positive buss 
bar through the safety magnet, indication selector, lever 
contacts and the control wire, through the switch motor 
and to common. This causes the desired movement of 
the switch machine, which performs the following functions in 
the order given : 

First — The detector bar is raised and the switch unlocked, 

Second — The switch points thrown. 

Third — The switch points locked and the bar lowered. 

Fourth and Lastly — Current is cut off from the motor, and 
the terminals of the motor armature reversed for indication 
purposes, this leaving the motor properly connected for the 
next movement. 

The motor is now on a closed circuit which includes the 
indication magnet. Due to the momentum acquired during 
the switch operation, the motor armature continues on seversS 
revolutions for the generation of the momentary current 
which energizes the indication magnet and thereby permits 
the final movement of the lever to be completed. 

The operation of the switch machine in the opposite direc- 
tion is accomplished in the same manner as described above. 

The changing of the motor connections at the end of the 

switch operation is effected by the mechanical shifting of the 

contact Dlock in the pole changer (Figs. 42 and 46). In 

addition to being mechanically operated, this contact block is 

under the control of two sets of solenoid magnets, so that 

should the switch fail to complete its movement the controlling 

lever may be shifted, and, through the energizing of one 

set of the magnets, cause the pole changer to set up tne circuit 

for the operation of the switch in the opposite direction. 

This places the mechanism so under the control of the lever- 

man that should the switch points be blocked with snow, ice, 

etc., the points may be worked back axiA. IcstWi, freqiiiently 

dislodging the obstruction, thereby permWXm^ VJcka ^^bssnJl 

movement of the switch to be compYeted. 
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indication magnet with the indication magnet armature resting 
on its poles, some distance from the poles of the indication 
magnet. The safely mamet coils are bo connected in the 
operating circuit that tne whole operating current flows 
through them, hence any current flowing through the indica- 
tion magnet, due to a cross between the control wires of ike 
function, cannot exceed the ciurent through the safety magnet. 
The winding of the safety magnet is proportioned so that in 
conjunction with the above two features, the indication m^- 
net armature cannot be lifted by current resulting from s 
cross as stated above. 




From the time when the lever is moved to the new operating 
position until the movement of the switch machine is com- 
pleted, the indication selector further insures against the pos- 
sible receipt of any improper indication, being so connected 
that the operating current will attract its armature and close 
the contact for the reverse indication only when the lever is 
moved reverse, and the contact tor the normal indication 
when the lever is moved normal. It should be noted that 
both the indication selector and safety magnet coils are con- 
nected in series with the control circuit, therefore if the cir- 
cw't through them is not intact, operaUon ol tbs function will 
ifprevented. 

. JP'^" the motor operating circuit ia openei t-j >Jt* wAW 
w Me pole ch&ager, after the switch has been \otVeA. m v 




control of the pole changer prevents thu switch from bi'lnp: 
moved by hand from the position occupied, except through 
breaking the operating circuits by fiomc such means as re- 
moving the motor brushes. If this is <l<)ne iind the machine 
moved to a position not corresponding with that of its con- 
trolling lever, upoii the repiacement of the brvisV*. ^.W vwWAi 
n-i'/I immediately assume its proper poKitioTV. "Wa.'cii^vi'BXw^ 

'/ (As pole changer by hand will not cause movemeT\\. ol V\« 

•fitcb out of correspondence with its lever. 
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HoDBL 2 Switch Uacbinh 

The Model 2 switch machine, iUuBtnited by Fig. 43, con- 
asts of the motor, gearing, lock movement and the pole chan^ 
with Its actuating movement. The gear frame and lockmg 
movement are securely bolted to a tie plate as shown, to 
which plate the stock r^ls are also securely attached, thus 
rigidly maintaining all parts of the switch machine in their 
proper relation to each other and to the rail. 

Movement is transmitted to the various switch parts by the 
motor through a train of spur gears. 




The locking plunger I and detector bar are actAiated through 
the lock crank H and the driving rod G, this latter being 
directly connected to the atud F on the main gear D,. It will 
be seen that a train occupying the track, in preventing the 
initial movement of the detector bar, would make impossible 
the withdrawal of the lock plunger from the throw and lock 
rods, and therefore prevent any movement of the switch 
points. 

The switch points are thrown by the rod J and the cam 
crank E due to the stud F on the main gear engaging with the 

The operation of the pole changer B ia Seated through the 
tnedium of the pole cmnser movemenV 1. >j ^ft NsoA. ir- 

eighth inch movement of the lock p\utig«t \ 8.lW!i "- ' 

through the lock rod K (Fig. 146). 
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The deslea of the mechanism is such as to allow the switch 

sotor A, oue to its acquired momentum, to continue its rota- 
ion for the generation of the indication, which checks the 
ipeed of the motor and brings it to Teat without shock. 
A friction clutch C is introduced into the connection between 
he switch motor and the main gear to relieve the switch 
nechanism from any injurious stiuin should it suddenly be 
irought to stop by an obstruction in the switch points. 

Model 4 Switch Machine ,1 
The Model 4 switch machine shown in Fig:- 44, is desired 




ase, which affords complete protection against the weather, 
rovides a base plate for the mechanism, being bolted through 
he tie plate to the head block and the next tie back (Fig. 149). 
'he operating parts consist of the motor A, a train of spur 
ears, the main or cam gear D, the pole changer M, the throw 
jd J and locking bar F. 

The motor through the medium of the train of gears drives 
he cam gear, from which gear the various parts of the switch 
lachine are operated. 

The intermittent movement of the locking bar and detector 
ar is accomplished by the engagement of rollers on the locking 
■ar with the cam slot on the upper side of the main gear, 
tapered locking is provided bv tne arrangement of the dogs 
n ffie locking bar, these dogs feeing placed so t\«,\ a.l^fe-t oi^ft 
^ has been witbdrawn to release the lock roA, V^ift wjxVito. 
'/nto must be moved to the opposite position belore \:;(ife o>Ct\et 
r can enter Its slot in the lock rod. The tteo-H To4\a\wJM* 
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in both extreme positions of the switch by a bolt optsaM 
from the cam movanent. 

The switch points are thrown at the proper time hy a nOm 

on the lower aide of the main geer engaging a jaw in He 

throw rod. 

''"' The prill 

daily the at , __ . 

tnechanical method of effecting this action is accompliBhed I 
through the main gear movement and locking bar, instead of I 




through the pole changer movement and locking pluimer as in 

the Model 2. Contact blocks Si and S, are operated from tripper 

ann N which engages at the proper time with a cam either on the 

upper or lower surface of tne main gear D, depending on the 

direction of travel ot the mechanism. The tripper arm is 

placed in a position to engage with the proper cam only aftff 

the switch las been locked in position at the end of ila move- 

/nent. This is accomplished through the medium of cranks 

T, and 7*,, a roJler U on the latter worV.tt\^'ma.tMa slot on the 

locking rod F,. The contact arm V W^^cti coTreB^tivifta ^Wlti 

fAe commutator T on the Mode\ i poVe c\ia.a^«,'S\i, VtiS 

operated by this same crank movement. 
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The cam gear is designed to permit a free run of the motor 
at the end of the operation of the mechaniam for the purpose 
of generating a strong and positive indication current. 

A friction dutch, designed with lai^e surfaces and lined with 
fibre, is provided to protect the mechanism from shock, diould 
ita movementa be obstructed. 

A switch circuit controller can be fumiahed if desired, 
located within the mechanism case at the point indicated by 
letter O. The operatii^ part consists of a frame carrvjne 
contact fingers and a cylindrical commutator W upon which 
are mounted contact segments. As the switch is unlocked, a 
disengaging arm X with roller Y working in a cam slot on the 
locki^ bar F,, lowers the commutator out of engagement with 
the contact springs. During the movement of the switch 
points, the commutator is rotated on its axis through motion 




i desired at the 



transmitted from the switch points hy means of a crank con- 
nection, a sector (not shown) and pmiona Z, and Z;. After 
the points are locked in position the commutator is raised into 
engagement with the contact fingers by the engaging arm and 
cam slot movement. It will be seen that this control insures 
the switch points are in position and locked in position before 
the switch cu^uit controller can be closed. The maximum 
capacity of the controller is ten independent c 
tacts being adjustable in pairs to close i 
normal or reverse positions of the switch. 

The switch mechanism can be used right or left handed 
without change, as the lock and throw rods may be connected 
from either side. A double locking cage is furnished when the 
machine is to operate a double slip switch or movable point 
frog, thus avoiding the necessity of using a plunger lock with its 
special connections otherwise required tor the secoTii\ot^t<ii, 
AJJ parts are assembled in the factory ani tesXai >aft\OTft 
•bipment under conditions approximating as neatX-v a.a ■^ossMife 
ie service Co be given the machine after inata\\a.tW. 



I 



MOTOR DRIVEN SIGNAL MECHANISMS 

MOTOR driven ragnals in the G. R. S. system of electric 
interlocking are operated by mechanisms in which a ^ 
series wound motor is directly connected to the sema- 1 
phore shaft through the medium of low reduction gearing. No I 
dash-pot or electro-mechanical slot is required for this t^e of j 
signal. ^ The mechanism is applicable for use as a hign or 
dwarf signal. 

The mechanisms furnished are of two types: 
f First, the non-automatic, which is entirely imder the control \ 
'of a lever in the interlocking machine. Generally speakms, 
'this type is furnished! for dwarf signals, and for such hi^ 
signals as will at no time require track circuit control. 

Second, the semi-automatic, which is operated xmder the 
joint control of a lever in the interlocking maclune and the 
track circuits in such sections of track as are governed by the 
V^g;nal_arm«j The semi-automatic mechanism is also furnished 
lOT nonnautomatic high signals when there is a possibility of 
the signal arm being controlled by track circuits at some future 
time, or in case it is desired to have uniformity in the type of 
mechanism throughout the installation. 

Either of the above types can be adapted for operation in v 
two or three positions, upper or lower quadrant, and to give I 
right or left hand indications as desired. 1 

In the two position non-automatic signals, but one wire 
besides the main common is required for its control, this wire 
bein^ used both for operating and indicating purposes. When 
the signal is to operate in three positions an additional control 
wire is required. In the case of semi-automatic control, an 
additional wire may or may not be required, depending entirely 
upon the arrangement of the track circuits in the route governed 
by the signal arm. 

Non-Automatic Signal Control | 

The following description of the signal operation is based ^ 
on the circuit shown in Fig. 48 which is for tne control of the 
two position non-automatic signal mechanism. 

Upon reversal of the controlling lever current is takea 
from the positive buss bar through the lever contacts, the 
control wire, the operating field and armature of the signal 
motor, and thence to common through the various switch 
circuit controllers as required. This causes the movement of i 
the blade from stop to the proceed position, upon the com- I 
pletion of which movement circuit breaker contact B opens 1 
and A closes, this connecting the holding field of the motor in 
series with the operating field and armature. The design of 
tAe pole pieces on which the holding field windings are mounted. 
js such that the magnetic flux, tYffowo. ^ctoia XJckfc ot ^^p 
between the motor aiTnature and t\iepo\e^\«i«a,TDaw©3>sSG«a^ 
Jocks the armature against rotation axv^ tVet^-^ T^ajuwaa^^ 
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mechanism and brings it to rest without shock to any of its 
parts. 

In the case of the three position signal, operation from the 
zero degree i>osition to the forty-five degree position is the 
same as described above. Operation from this point on to the 
ninety degree position is ordmarily dependent upon the signal 
in advance, it being necessary however that tne controfiing 
lever be reversed before movement of the mechanism can take 
place. The mechanism is held in its ninety degree position 
through the medium of the holding fields in the same manner as 
in the forty-five degree position. When the signal arm is re- 
turning from the mnety degree position and is to be held at 
the forty-five d^ee position, its movement is arrested at that 
point by short circuiting a " snubbing " winding on the motor 
(winding and contact not shown in Fig. 48), which causes a 
momentary current to flow in this winding, thereby bringing 
the mechanism parts to rest. The semaphore arm is retamea 
in this position by current flowing through the retaining fields 
of the motor, as previously explamed. 

Semi-Automatic Signal Control 

When it is desired to have the signal controlled semi-auto- 
matically, the operation differs from that described above 
in that the first forty degree movement of the mechanism 
from the normal position does not affect the position of the 
signal arm, but puts under tension a set of coil springs which 
are strong enougn to rotate the motor on the return movement 
with sufficient speed to generate the current for energizing 
the indication magnet on the lever. This preliminary move- 
ment of the mechanism is always under the control of the 
operating lever irrespective of whether the track circuit is 
occupied or not, the receipt of the indication therefore not 
requiring the restoration of the lever to the normal position 
simultaneous with the entrance of a train into the controlling 
track section. Any movement of the mechanism beyond this 
point, however, is dependent upon the track circuit being 
unoccupied. 

Referring to the circuit for the two position semi-auto- 
matic signal as shown in Fig. 49, it will be seen that upon 
reversal of the controlling lever current is taken from the 
positive buss bar through the lever contacts, the control 
wire, the signal motor operating field and armature and thence 
to common. This causes the operation of the mechanism 
through its preliminary forty degree movement to the I. 
zero degree position, at which point the mechanism will / 
be held against the tension of the coil springs, in the event 
of the track circuit being occupied; this is accomplished by 
circuit breaker contact B^ opening and Ai closing which 
connects the holding fields m series mt\v t\ife o^craXYa% ^elds 
^nd armature of the signal motor. SYio>3\^ >i\v^ \x^<^ ^so^jxfi^^. 
be unoccupied, the mechanism wiW not ato^ «A, ^iJc^a ^oyoXXs^^. 

i 
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time as its lever may be reversed ; the control is so arranged that 
a. second clearii^ of the signal arm can he secured only aft^ th« 
mechanism has been returned to its minus forty (—40) degree 
position. When the lever is restored normal, enei^ is cut oS ! 
m>m the motor and the mechanism, due to the tendon of . 
e coil springs, is driven to its minus forty (—40) de^ee [. 



position; just before 




contact Bi closes, thus connecting the motor armature s 
operating field in their original closed circuit m which u 
included the indication magnet. Due to the momentum of 
the motor armature acquired dming this movement the motor 
(now a generator) builds up the momentary dynamic current [, 
necessary to energize the indication magnet and release the , 
Jever, thereby permitting it to be restored to its full nomwl ; 
position. • 

Should the controlling lever \)e p\ace4 tiottivA 'XitSfttia '&« v 
entrancB of a train into the contioWmettaJite BeRt\cm.,'ep«^^^" 
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I mechanism returns 
and the mechanism 
rty ( — 40) degree position due to the act 
n springs; when within a few degrees of thi 
le oynamic indication for the release of the 
:enerated as described above. 



to the 
of the 
id of its 
trolling 




[ be seen that thp operation of the signal mechanism 
from the time the signal hlade begins its movement 
;he proceed position until its return to the stop posi- 
the same aa that of the non-automatic sicnal, the 
n springs being in no way depended upon to bring the 
m to the stop position. This same ataterticnt a-^iVAea 
three position operation of the aem\-a.vAja"cntoXt 
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Model 2A Non-Automatic Signal Mechanism 

?he non-automatic signal mechanism (Fig. 52) consists 
3ntially of three main psirts, the motor, a train of gears 
I the circuit breaker. These are all housed in a weather 
lof case, which is provided with doors to give convenient 
ess to all parts. ^ 

Vhen the mechanism is used for the operation of high 
oals, it is fastened to a clamp bearing (Fig. 54) which 
ries the semaphore shaft #; the design of this bearine 
mitting the mechanism to be supported at any desired 
ght on the signal mast and at any angle to the track. The 
iring is equipped with a spring stop P, which bendes acting 
a buffer permits the close adjustment of the signal blade in 
stop position. A universal coupling L„ L„ L3 introduced 
:ween the driving shaft J and semaphore shaft S, lends 
slf to a simple means of locking the signal arm in the stop 
ation in such a way as to prevent improper operation of 
i signal by any outside agency. 

When the signal mechanism is to be used for the operation 
a dwarf signal, it is bolted to a stand (Fig. 55) carnring 
3 spectacle shaft T and provided with springs Ui and XJ, 
ich are for the purpose of giving sufficient returning torque 
the dwarf signal arm to cause it to assume the stop position 
ten the current holding it at proceed is cut off. This is 
iessary since the dwarf signal arm cannot be readily designed 
have sufficient weight so that gravity can be depended upon 
' returning it to the stop position. The complete dwarf 
jchanism takes up but little room which permits it to be 
tailed where clearances are limited, as is illustrated by 
r. 202. 

rhe motor A used in the signal mechanism is of the four 
ie type, two of these poles being modified in such a man- 
• as to permit the motor armature to constitute the means for 
ding the signal arm in the proceed positions. This modified 
dgn consists of serrating the surfaces of these two poles, 
that when the holding field windings are energized, a dense 
^etic flux will flow across the air gap between the pole 
ces and the motor armature in such a manner as to pre- 
it rotation of the armature, and, consequently, movement 
the signal blade. Owing to the high resistance of these 
idings the amount of current used for the purpose is re- 
ced to a minimum. The "snubbing" winding previously 
erred to is entirely independent from the operating wind- 
js of the motor, its function being to check the speed of the 
)tor when it is desired to hold the signal arm in the forty- 
e degree position. 

A friction clutch is introduced between the motor A and 
driving pinion C to insure that no undue stx^Axv -^^Mb.Xs^^'^et 
7 be transmitted to the mechanism gearing. 
Tie gearing is designed with heavy teetYi axi^ ^a.T^^ ^^«ax- 
» as shown by Fig. 53, this latter msxxnxv^ ^^'wa-^ * 



mechanisma will run freely in either direction and that ni 
ordinary obstruetiona such as dirt, cinders, waste, etc., wil 
interfere with its movement; only five foot pounds at thi 
semaphore shaft are required to run the mechanism back ti 
its normal position. 




Fia. 53. DiAOKAU Ii 



and K,. it consists of a frame carvvVci^ coT\\a«A, fei^«ra m« 
"■ solving commutator on wWc\i a-re mo\m\sA. Mm.\ajA. ws 
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Capacity of fourteen circuits, such contacts as are used to 
control opa^ting and indicating circuits being arranged to 
be quick acting, "anappii^" over from one position to the 
other at the proper predetennined time. Each contact finger 
is provided with convenient means of adjustment, and b^ 
means of a locking firmer is positively protected ^ain acci- 
dental displacement. 
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, Model 2A Seui-Autohatic Signal Mechanisu 

1 The semi-automatic signal mechanism (F^. 56) 

essentially, as does the non-automatic mechanism, of a motor, 
a train of ^ears and circuit breaker, with the addition, however, 
of the spni^ attachment which is used to produce rotation of 
the motor armature for indication purposes after the signal 
arm has reached the stop position. These parts are enclosed 
in a weather proof case aimilar in construction to that used (or 




, the design permitting the mechanism 

ip bearine for mounting on high signal 

'a a stand for operation as a 



the nonrautomatic u 
to be fastened to 

> masts or used in 
■ dwarf. 
I The mot«r, train of gears and circuit breaker are essentially 

the same as those described above, it being therefore only 

> necessary to touch upon the design of the indication spring 
' attachment and the universal coupling, these being the only 

points in which this signal is radically different from the non- 
autonaatic previously described. 

The initial free movement of the rtiechamam ia a.cco^ft^'i^fA 
by Mvim one shoulder o[ the coupling Li^ so c>iV a-^a.'j 'Cwa 
^/ort^ a^ree rotation of the driviTie s'hait S « -nej^e^K 
ueforeit wiU engage with the semaphore ahait S.X'tvwmo'JCtw 
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as previously mentioned putting oinder tension the pair of cofl 

spnngs Ni and N,. » 

Fig. 58 shows diagramatically this spring attachment and the j ' 

manner in which the springs Nj and N2 are put imder tension; 1 

it will be noted that tne two coil springs are connected to the L 

driving shaft J by means of an equalizer O and a curved link '. 



.^ L05+ mo+ion bctncen 
Sn Sector H and dpechacle 



Sector oper<s^d by mo+or 
through train of ^e^r^. 






Fig. 58. Diagram Showing Operation op Spring Attachment used 
IN Model 2A Sbmi-Automatic Signal Mechanism 

M, one end of which is fastened to the main sector H on 
the driving shaft J. As is clearly illustrated by the various 
positions of the device the design is such that the springs do 
not exert any torque on the mechamsrcv ?itec \\v^ )alade has 
moved a few degrees from the stop posvWoxv*, tVet^lot^ \\. *^ 
P^ain that the spnngs are in no way depetv^^^ m^^^ ^ot \Xv^ 
restoration of the blade to the norma\ poa\\.\oxi. 



SOLENOID DWARF SIGNAL MECHANISMS 

ri GLENOID dwarf signals used in the G. R. S. system are 
^ dengned to operate in two positions, upper or lower 
quadrant, with a forty-five, sixty or ninety degree travel 
f the arm. Two seta of magnet windings are nrovided, 
'hich consist of operating coils of low resistance ana holdine 
oils of high resistance. The movement of the solenoid 
n^net plunga^ ia transmitted by means of suitable con- 
lection to the dwarf spectacle. 




Fia. 59, MiiDKL, a Solenoid Dwaef S 

Dwarf Signal Control 



ndication from a signal of the solenoid type, an additional 
ffire is required for mdication purposes. Ttie cireuit ia con- 
lectcd to main common either at the dwarf location c- 



.hrough contacts on switch circuit controllers when required. 

Upon reversal of the controlling iever (Fig. 60), current ia 
aken from the positive buss bar through the lever contacts, 
:he control wire, and the solenoid operating coils A, and Ai 
, This causes movement of the BigTia.\ aTi:ti lTini\ 'Ot* 



top to the proceed position. As the arm teaOci^ tVe ^t^*- 
<ed position, the circuit breaker contact C ov^'^'*- Nrtw? 
nnects the high resistance holding coils B, a.ni "BiVtv «s^« 
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lieh, in addition to supporting the mechanism, is deseed 
cany the dwarf spectacle shaft. A hinged covet on the 
> of the case gives convenient access to the mechanism. 
Fhe movement of the yoke P connecting the solenoid pluiw- 
I E, and E„ is transmitted through the medium of the rack 
and pinion H to the crank J, and thence by means of the 
meeting rod (not shown) to the dwarf spectacle shaft. 
When in the stop position the signal arm cannot be moved 
any outside agency, due to the crank J being "on center" 
that point. 




The circuits for the control of the mechanism are broken 
■ough pairs of springs which make contact at the proper 
le with metal pieces, fastened to a commutator mounted 
on the same shaft as the pinion H. The operating contact 
s deaigned to hold its circuit closed tViIOu^^iOMt ttie vws'Jfe- 
at until the blade has assumed the proceed posWAOti. TV^ 
eating contact D is dosed only when tke \>\a,4e Sa "to *\ 



Model 3 Dwarf Signal Mechanesm 
The Model 3 dwarf signal mechanism (Fig. 631 consists of 
' the solenoid magnets and an operating rod which ia directly 
. connected to the dwarf spectacle shaft. This mechanism - 



mounted in a case which is designed to carry the dwarf spec- | 

tacle shaft and is provided with a sliding cover to permit ' 

ready access to the operating parts. | 

The ojjeration of the mecmnism is similar in principle to I 
'■ ' ' 2 dwarf except that the movement of the 



that of the Model £ 



m^ 




Fia. 62. Model 3 Solenoid D' 



magnet plungers E, and Ea is transmitted directly to the I 
spectacle shaft through the operating rod G, a roller H on the I 
operating rod working in an escapement crank (not shown) ' 
on the semaphore shaft. The design is such that when the i 
signal is in its normal position, the arm is locked against I 
movement from the outside. I 

The overall dimensions of the signal are such as to allow its I 
location where the available clearances will not permit the I 
use of the Mode! 2 dwarf signal. 

The circuit breaker contacts consist of pairs of springs l 

H-A/cA are bridged by contact rollers, actMa.te4 b^ tVie o^ev- I 

sting rod G. In the case o£ the indicatm^ cotv^a.e.'!: "D iMvi ^ 

spare contact J, the contact roWera a-te iaatenei U> raii 

move with the operating rod, tbe dea\6n causiiis ^^ -^^"^^^^ 
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FiQ. 63. Model 3 i'oLB 
II 
A, -A, Operating Coils 
Bj-B, Holding Coils 
C Opentmg ConUc^t 

D Indicsting Contact 

E,-E. Solenoid PluQuers 



to open with the first movement of the arm towards the pro- 
j ceed position. The roller tor the operating contact C is car- 
i ried by an arm, which ia raised by engagement with a collar 
. on the operating rod, when the dwarf spectacle has assumed 

the proceed position. 



CROSS PROTECTION APPARATUS 

\ Principles of G. R. S. Cross Protection 

f fTlHE G. R. S. cross protection system prevents the unau- 

I I thorized movement of any switch, signal, or other func- 

tion, in the event of current being improperly applied to 

^ its circuit, by the cutting off all energy from the function. 

As briefly outlined in the pages on the ''G. R. S. Electric 

Interlocking System/' it has been seen that all functions 

while at rest are normally on a closed circmt of low resistance; 

^ that inserted in each of these circuits and located on the ter- 

i minal board of the interlocking machine, is a polarized relav 

of very low resistance connected in such a manner that all 

currents, caused to flow through the circuit by the manipu- 
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Fig. 65. Simplified Circuit Showing the Principles of the 
G. R. S. Cross Protection System 

All functions when at rest are on closed circuit as shown by function C. 
All normal currents will flow through the polarized relay B in the direction 
indicated by the heavy arrows, but all currents due to a cross in the oppo- 
site direction as indicated by the dotted arrows. Hence current supplied 
through a cross X will open polarized relay B, which will cause circuit 
breaker A to open and thus cut current oflf the system. 



lation of the lever, must pass through the relay in a direction 
to maintain its contact closed, while all currents which may 
be applied through any other channel must pass through this 
relay m a direction to cause it to open its contact; and that 
this operation breaks the control circuit of the cross protec- 
tion circuit breaker, causing it to open and cut power off that 
section of the system affected, thereby preventing the unauthor- 
ized movement of the function. The principles involved will be 
made evident by reference to Fig. 65, from which circuit has 
been eliminatea all detail connections, contacts, etc., only 
such parts being shown as are essential to the explanation. 

In Fig. 64 there is shown in full circuit detail all apparatus 
and contacts pertaining to a switch function, a signal function. 
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and the system of cross protection. By tracing out these 
circuits it will be found that the circuit conditions as shown 
in Fig. 65 exist and afford the protection claimed. 

Operation op the Cross Protection Circuit Breaker 

The circuit breaker construction and its manipulation are 
clearly illustrated by Fig. 66, the position in Fig. 660 cor- 
responding with that of the circuit breaker in Fig. 64. The 
various parts of the circuit breaker which make contact with 
each other are indicated by similar letters. 

It has been shown that ciUTent applied from an unauthor- 
ized source to the circuit of a function at rest, causes the 
polarized relay in that function's circuit to open its contact 
and interrupt the circuit through the retaining magnet of the 
cross protection circuit breaker. When this occurs the cir- 
cuit breaker armature is released and the Z contacts are 
opened, the armature falling to such a position (Fig. 66A) 
that it cannot be drawn up against the pole pieces by the 
magnetic pull which will be exerted when the retaining magnet 
is again energized through the restoration of the polarized 
relay armature. To inform the leverman that the circuit 
breaker is open, a red lamp is lighted by the closing of the Y 
contacts. 

With the circuit breaker open as in Fig. 66A, the positive 
and negative feeder wires between the battery and the inter- 
locking system are opened at the Z contacts, therefore the 
:ross can have no effect. The polarized relay which had its 
irmature reversed will identify the function affected and, upon 
the cause of the trouble being removed, the armature of this 
Dolarized relay will remain in its normal position, when re- 
placed by the operator. This will cause the retaining magnet 
>f the cross protection circuit breaker to be energized, and, 
oy raising the restoring handle to the position shown in Fig. 
56B the circuit breaker armature is restored to its operating 
position where it will be retained by the circuit breaker magnet. 
this action closes the Z contacts, but at the same time opens 
the X contacts, through which contacts are also broken the 
;>ositive and negative feeder wires, this preventing the appli- 
cation of current to all functions controlled by the circuit 
breaker until the restoring handle is returned to its normal 
position. The red light is extinguished when the circuit 
breaker armature is restored. 

Figs. 24 and 25 illustrate a typical operating switchboard, 
one view showing the cross protection circuit breaker exposed 
and the other with its cover in place. It will be noted that 
the only portion of the circuit breaker which is accessible to 
the leverman is the restoring handle projecting from the slot 
at the bottom of the cover. A shield attacYved \,o \>C\^\a.w<$^^ 
7lose3 this slot when the handle is in the xvoTmaX ^o^sJCvsst^, 
hereby protecting the internal parts against Tn^n\^\3X'a.\\a^ v^^ 
ty way except by means of the restoxin^ \va.n^^. >^^ 
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explained above, so long as the handle is held in a positic 
interfere with the release of the contacts normaUy retaine 
the magnet (Fig. 66B), energy is withheld from all fund 
under the control of the circuit breaker. These features n 
the cross protection system fully effective at aU times, ( 
though force of circumstances may require its being tempon 
under the charge of unskilled employees. 

When it is desired to retain such signals in the pro 

Eosition as may be occupying that position when the cii 
reaker opens, resistance units R and Rj (shown dotted in 
64) are connected so as to bridge the X and Z contacts, t 
units permitting the flow of an amount of current suflScier 
hold a limited number of signals at proceed. Their resists 
is so high, however, that the mechanism requiring the 1 




Fig. 67. Polarized Relay 

current for its operation cannot be put in motion if en( 
should be applied to its circuit when the circuit breaker is o 
The resistance units are shown in position on the opera 
switchboard in Fig. 24. 

The Polarized Relays 

The polarized relay inserted in the indication circui 
each of the operated functions, and mounted on the tern 
board of the interlocking machine, is shown in Fig. 67. 
windings are so designed that the armature of the relaj 
a switch, signal, etc., will reverse on about one-half the cur 
required to just move that function of the same type w 
requires the least current for its operation. From this it 
be seen that the windings of the polarized relays used 
different types of functions have different resistances. 

On the switchboard there is shown in Fig. 24 a polai 

relay flimilar to those mounted on the interlocking macl 

the position of this relay in the eVrcmX. ^\^.^^^ \»vqj^i 

cated by the letter "A." This xeXay ^-ax^^ ^w^alvB^ ^ 
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between the buss bars on the interlocking machine, such as 
^ might be accidently caused by the maintainer's tools when 

he is working about the machine. From the position of the 

reiay in the circuit, it will be seen that any current reaching 
- the indication buss bar through such a cross will flow in the 
7 direction opposite to that of the indication ciuTents, this 
^ causing the relav to reverse its contact in the same manner as 

the po&rized relays previously described. Since the relay on 
^' > the switchboard is common to all circuits, its winding is 
g designed to render it much less sensitive than those on the 
se interlocking machine. 

^'^ ' Safeguards 

,5: To show that the system in addition to being extremely 
simple, is also fully safeguarded, the following points are 
mentioned : 
First — The closed circuit principle is employed for all 
, parts of the cross protection system. 

Second — All contacts or connections depended upon for 
protection against crosses are also used in operation and, 
* hence, are checked as to their integrity every time a complete 
operation of a function is made. 

Third — The polarized relay contact, in addition to opening 
on a reversed direction of current, will also open upon loss of 
magnetism in the permanent magnet of the relay. 

Fourth — An open circuit in the polarized relay prevents 
indication. 

Sectionalizing of Plants 

1 In connection with a comparatively simple track layout, it 

is common practice to install only one cross protection circuit 

\ breaker, which prevents the movement of all functions during 

such time as it may be open. At busy plants having a large 

^ number of routes which can be used simultaneously, it may be 

'" considered undesirable to have the whole plant affected by 

^ derangement at a single point, in which case the plant may 

be divided into sections, the functions in each section being 

controlled through separate circuit breakers. This permits 

n uninterrupted operation of traffic through the sections not 

<^-! directly affected. 

^ ^ In addition to the cross protection circuit breakers required, 
1^ it is necessary to install switchboard polarized relays and also 
3f common retium wires for each section in the interlocking plant. 
^^ The positive buss bar and indication buss bar must be divided 
;t to correspond with the sectional division of the functions. It 
i^i* is essential that there be no connections between the various 
t buss bars or the common return wires, except where they 
join the energy mains from the battery, under the protectioix 
fl of their respective cross protection circuit bteaket^. 

There may be certain situations wYiere cotv^\\Xo\ss. ^^tC^ 

warrant the additional expense of emp\oy\ivR m^YA^>3aS. <st<5'as 

protection circuit breakers for each switch axv^ ca.Oa ^o>»^ < 
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signals. This would mean that a cross applied to a given 
switch, for example, would merely make that particular func- 
tion inoperative without interfering with any of the other 
functions. The use of individual cross protection circuit 
breakers requires the running of a separate return wire for 
each of the functions or groups of functions concerned, and 
diroenses with the main common previously mentioned. 

The device (Fig. 68) employed for this piupose consists of 
a modified form of the reguku* polarized relay, provided with ' 
suitable contacts and a restoring handle. The contact pres- 
sure is increased over that of the regular polarized relay, at the 
same time retaining the relay's sensitiveness to reverse currents, 
the contacts are heavier in design, and the iron in the magnet 
is so distributed that a powerful magnetic blowout is obtamed 
which effectually extinguishes any arc resulting from ciurents 
flowing through the contacts at the time of their opening. 
The principles involved in the making and breaking of the 
circuits, and in the restoration of the relay armature to the * 
operating position after having been reversed, are similar to 
tnose of tne cross protection circuit breaker previously de- I 
scribed. The device, as installed, is enclosed in a sealed case j 
(Fig. 69) to prevent any improper manipulation of the * 
circuit breaker parts. 

This protective apparatus is mounted on the terminal board 
of the interlocking machine, occupying the same space as the 
regular polarized relay. The device, which is exceedingly 
simple in construction, is in no way subjected to weather con- 
ditions and is much more accessible than if located in the 
field at the various switches and signals, as is the ordinary 
practice with some systems employing individual cross pro- 
tection. _ ^ « 

Tests for Cross Protection 

It has previously been stated that all contacts and connec- 
tions depended upon for cross protection are under a constant 
automatic check during the regular operation of the different 
functions; therefore tests on the cross protection system are | 
in no way requisite in the same sense that tests are necessary | 
on switch points, to determine with what maximum opening f 
the switch points can be locked. It is considered, however, 
that the satisfaction of having a working demonstration of 
the existence of the cross protection more than repays the i 
slight trouble involved in making it one of the points to be \ 
checked up, on the regular inspection trip. j 

The time chosen for conducting such a test should be when | 
the voltage on the system is at the highest point attained in 
service. This will be when the interlocking battery is being 
charged, at which time the current will run up above 140 
volts. 

The tests on the various switch. tutiCtVoxva xcsa."^ \ife «ftRxa%^ 
py making a connection between the noTtnaXatvdTevet^o^et^V 
'ng wires on the pole changer. 
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In testing signals, the necessary energy may be obtained at 
the nearest switch mechanism, since one of the switch control 
wires is always connected to battery positive (Fig. 64). The 
test should be made by connecting energv onto the signal 
control wire as near as possible to the signal motor, and if the 
signal circuit is connected to the common return wire through 
one or more switch circuit controllers, the energy should Be 
applied to this wire, care being taken to first open the connec- 
tion to the main common wire. Failure to open this coilliee- 
tion to common in all probability will result in blowing a fuse 
in the switch circuit from which the energy is being ti^en for 
the test, since under these concUtions a short circuit to the 
common return wire is created. 

Where the i>lant has been sectionalized, one or two functions 
in a given section should be crossed up with wires taking ener^ 
from each of the other sections. In case the functions in tne 
various sections are widely separated, these crosses may be 
made between the binding posts in the terminal board of the 
interlocking machine, to avoid running a conductor long dis- 
tances over ground. This test will insure that the proper 
division of the functions was made at the time of installation, 
and that no undesirable connections have since been made. 

For the first test after an interlocking system has been 
installed it majr be well to connect an adjustable resistance in 
the wires used in making the crosses, starting with the resist- 
ance all in and gradually cutting it down until the circuit 
breaker opens. For the periodical tests which some railway 
companies carry out this resistance is generally considered 
unnecessary. 



ACCESSORIES 
MODEL 3 FORM D SWITCH CIRCUIT CONTROLLERS 
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MODEL 5 FORM A SWITCH CIRCUIT CONTROLLER j 

The Model 5 Form A switch circuit controller arraDged tor 
selecting signal circuits is shown by Figs. 73, 74 and 75.- The 
operation of the contacts, which are forced open and forcAi 
dosed, is effected through a cam movement, which causes 
all wear to come on heavy iron parts and not on the contacts. 
The contacts may be adjusted in pairs to make normal or 
reverse contact as requu"ed. One pair is adjusted by 
means of the screw jaw on the connecting rod and the other 
pair by means of the cam (Fig, 187), the parts after adjust- 
ment being positively locked against working loose. The 
contacts and binding posts are mounted on a vertical panel 
which gives convenient access to the binding posts when 
"connecting up " and permits ready inspection of the contacts. 




The case is provided with main and supplementary covers 
as ^own by Pig. 74, the latter protecting the contacts from 
frost and condensation at all times, and when the main cover 
is open, from rain. The trunking cap and operating crank 
may be applied to either side of the circuit controller as proves 
most convenient in installation. 



THREE POSITION D. C. MOTOR RELAY j 

The Three Position D, C. Motor relay is especially designed 

for wireless control automatic block signaling, but is readily 

adapted tor use with three position polarized line circuits. 

Jae operating mechanism consists of a small <Urect current 

motor having powerful permanent magRet &A4a -wiOtv a'ta'^\B 

air gap between the armature and pole piecea. T\ve w>Wa.c\a 

are moved from the de-energized poaltloTi \a evttver <A xte 
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or four circuits reverse. 
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energized positions by the rotary motion of the rti' 
the movement of which is transmitted to the contacts by 
suitable link connections. The closing of one or the other 
seta of contacts is accomplished by a partial rotation of the 
armature, the direction being dependent on the polarity of 
the operating current. 

The contacts have the same opening and pressure, and are 
similar in design to, those used in the regular Model 9 D. C, 
relay. The maximum equipment of contacts in the four way 
relay, shown in Fig. 76, is tour normal and four reverse, 
with four contacting fingers. It is to be noted that when 
used in connection with wireless signaling on polarized track 
work, the signal control is broken through one set of con- 
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tacts only, while in the polar-neutral relay the control must 
be broken through both polar and neutral contacts. This 
same holds true for the track control, which, owii^ to 
the decreased resistance of the contacts introduced into the 
circuit, means that cut-sections can be employed to as great 
an extent in polarized track circuit work, through the use of 
this relay, as in the case of neutral track circuits employing 
the ordinary two position relay. 

The relay has several other important features which should 

be noted. The design is such that the chance of having the 

polarity reversed by a large flush of current or by lightning is 

so remote as to be negligible. The relay is not subject to 

residual magnetism troubles ii> any vs-V, ^a ^^ o^etation 

^fpends on current only, and not oti e\ectTo-TOa.'gn^\Q.\-ra£0«)tv, 

J/ris being the case, the drop away (,50 per cent, ol tW^wmali 

»cA up) cannot change with time, and once ftxti, aVtwj? 
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remajiui the same. The overall dimenuooB are nich as to 
< permit ita instaUstioD in the space required by a D. C. tractive 
tfpe relay having the same contacting capacity. 



TRACTIVE TYPE D. C. RELAYS 
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F>o. 78. Model D. C. Wall Rti-fci 
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( TRACK DIAGRAMS AND MANIPULATION CHARTS 

^ To facilitate the manipulation of the levers of the inter-) 
' lockjng machine, it is customary to mount within full view of | 

t the leveiman a diagram of the track layout showing the rela- 
tive location of all interlocked switch and signal functions,.' 

■ slao a chart listing the various routes through the plant and[ 
the order in which the levers are to be moved in setting upi 

J taeh of these routes. By referring to the ctiart, the leverman ; 

' ii guided in manipulating the levers in the sequence imposed 
by the mect^nical locking between levers, thus aiding him 

I greatly in the handlii^ of ttie traffic passing through the plant. 




' The track diagram and manipuiatiori chart are usually eom- 
) bined in one plan>and mounted in a single frame, unless their 

combined size is prohibitively large, in which case they are 

framed separately. , 

k INDICATORS 

For a long time it has been customary to give to the lever- 
man an indication of the trains approaching the interlockii^ 
plant; with the advent of route locking and the semi-auto- 
matic control of signals, and the consei^ueivt ^enera\ iisa c\. 
tract circuits within the interlocking limita, th\a ptatiXcft \\«h. 
bem) extended to indicating at the inter\oc\ni\% Sta.\icfa, "Otv^ 
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coDdition of all the track sections within the plant. This 
supplements the information Kiverf by'thfe track diagram and 

manipulation chart, and adds considerably to the facility 
with which the traffic is handled. 

The approach sections are usually repeated by disc indicators 
and the different track sections between the home signal 
limits by semaphore indicators. These are generally located 
on the wall of the operating room near the track diagram, 
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being mounted either separately with individual covers or on 
a common frame with a single cover. The indicators, as shown 
by Figa. 81 and 82. may be equipped with contacts and thus 
perform the functions of a relay in addition to those of a 
repeater. , 

ILLUMINATED TRACK DIAGRAMS 
A method of indicating the occupancy or non-occupancy 
of the various track sections, rather more elaborate than by 
the use of repeating indicators, is through the emjllojTnent of 
the illuminated track diagram. This type of indicator is 
of great assistance on extremely busy plants where it is 
r to know when a train has c\eaTe4 eac\i Tti\&ft ot 
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ALTERNATING CURRENT RELAYS 



THE following pages have been written with the object of 
acquainting those interested in this type of apparatus 
9 with the principal characteristics and proper application 
" of the various alternating current relays manufactured by the 
» General Railway Signal Company. 



) 



Points to be Considered in Selecting an Alternating 

Current Relay 

, In selecting any alternating current relay for a given purpose, 

the following should be taken into consideration : 
i First — Is the device to be used as a track relay or a line relay ? 
f If it is to be employed as a track relay, in all proba- 
bility it will be exposed to the influence of traction or foreign 
currents, and must, therefore, be of such design that it will not 

. respond to currents other than that intended for its operation. 

• Furthermore, if the track circuits are very long or the ballast 

^ very bad, or if the relay is to be located a long distance from 
its point of connection to the rails, the relay should necessarily 
require very little energy from the rails in order to avoid cut 

'. sections or undue energy consumption. On the other hand, 

*' when the opposite conditions exist, these relays need not be 
so highly efficient and consequently may be smaller and less 
expensive. 

If required for use as a line relay the device will rarely be 
installed where it will be exposed to the influences of foreign 
or traction currents, and when such is the case, can be of 

J simpler, smaller, and less expensive design. 

Second — Is two or three position operation required? 

In this connection it should be noted that the amount of 

> line wire can frequently be reduced by the employment of 
relays which have normal, reverse, and de-energized positions. 

t*- To secure the equivalent of this using two position relajrs it 
may be necessary to install twice as many relays and additional 
line wire. A concrete example of this is the application of 
three position relays to polarized track circuit work in which 

S the caution and clear positions of a signal are given over the 

/ track rails by reversing the polarity, and without the use of 

' line wires at all. 

» Third — How many and what kind of contacts is the relay 
to have? 

•^ It frequently happens that as many as ten or twelve 
contacts are required and that these contacts must carry 
at comparatively high voltage a large amount of current; 
in other cases but few contacts and these carrying very 
light currents are necessary. Furthermore, contacts equipped 
with "magnetic blowouts" may be needed to extvcv^\^ ^x^'s* 
wJu'ch otherwise would be established in tlaeYvaxv^vcv^olV^bN-^ 
direct currents. These are features whicYi oitexv eLe\,^TKC\»fc 
tne selection of the relay 
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Fourth — Generally speaking, the question of whether »t 
relay is to be of high or low efficiency, and whether it wouliff 
pay to spend more or less for it, should be decided on the bboK^ 
basis that is used in selecting any piece of apparatus, vii;^ 
having determined the total cost of the device in place, inchii^ 
ing any necessary auxiliary devices, it is then proper to esttp 
mate the cost of the energy required for its operation, iloAuZ 
that relay which will answer the purpose and cost the least, j= 
considering first coat, energy consumption, maintenance charge* jr 
interest, and depreciation, should, of course, be the one to use. — 

Model 2 Form A Polyphase Relay 




an evidence of this efficiency, it may be pointed out that witb I 
minimum energy consumption it has given perfect operation on | 
track circuits of from three to four miles in length, and with i- 
ballast conditions far from favoring good track circuit operation, f 



windings are placed. These windings are designed andl" 
connected so as to produce (with alternating current applied) 
a rotating magnetic field, which in turn will induce currents in 
the non-magnetic rotor causing it to operate. (Direct currents 
cannot produce this rotary field and, therefore, cannot cause 
operation.) The rotor is ordinarily connected to the con- , 
tacts through the medium of a pinion and sector arrangement, ^ 
thereby multiplying the eflect of tVietotoT mv4 ^ecmM-xivt the ., 
operation of a iarge number ol covAacta wiCa is. N«rj raM&^ 
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amount of energy applied. Furthermore, as it is possible to 
supply most of the energy to the stator from a local source, 
omy a small amount of energy is required from the rails to 
cause the relay to operate. These two points permit the 
(»>eration of very long track circuits without the use of cut 
sections or undue energy consumption. 

The relay is universal in its application, in that it may be 
^ound for operation on steam roads, electric roads using 
either A. C. or D. C. propulsion, or for operation as a line 
device. Furthermore, it can be adapted for use on any 
frequency ciurent, for two or three position operation, and 
may be made fast or slow acting. 

The contacts are unusually heavy in construction and are 
so designed that any combination of front, back, or front and 
back contacts can oe secured, changes being easily made on 
the ground if desired. Special contacts equipped with the 
"magnetic blowout" referred to on page 109 can also be fur- 
nished. The contact housing for the four and six way relays 
accommodate eight and twelve contact fingers, respectively, 
these controlling eight or twelve independent circuits. 

Model 2 Form B Relay 

The Model 2 Form B relay operates on the same general 
principles as the Model 2 Form A, employing the non-mag- 
netic rotor which permits it to operate with the same degree 
of safety and reliability. It is designed primarily to operate 
as a line device but may be used in connection with track 
circuits to a limited extent; for instance, as a track relay for 
short track circuits on steam roads, or for short double rail 
track circuits on roads using direct current for propulsion. 
While the relay's efficiency is approximately but half that of 
the Model 2 Form A it compares well, nevertheless, with other 
A. C. relays on the market. It operates on 25 or 60 cycle 
current, in two or three positions, and can be furnished either 
slow or quick acting. 

The Model 2 Form B relays have about the same overall 
dimensions as a D. C. relay of the same contact capacity, this 
feature permitting their installation in housings previously 
occupied by D. C. relays. The relay is assembled as a shelf 
or wall type device, as a tower indicator or as an interlocking 
relay. The contacts are limited to a maximum of four 
front and two back, or six front and two back, in the four 
and six way relays, respectively. 

Model 3 Form B Relay 

In the Model 3 Form B relay, the same construction is usad 
for the housing, contact arrangement, etc., as m ^^fc '^^a^'^ 
? Form B. The actuating movement is eaaexvXAa!*^'^ >JXi^ ^axss& 
9 that of the Model 2 Form B, witYi the ex-eeoW^xv \}waX>/\\. 
aerates m two positions only and is a sm^\e p\iaa^ ^^^ 
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Due to this feature the relaj' does not require the prew 
local energy which is sometimes difficult to provide for 
relay is equipped with & non-magnetic rotor and is dt 
primarily for use in connection with single rail tT^ck ( 
on direct current electric traction roads. 

Model Z Form B Relay 
The Model Z Form B relay uses the same housing 

provided with contacts of the same design and arranj 

as the Model 2 Form B and Model 3 Form B relays pre" 

described. 
The Model Z relays are provided with a bipolar 

with windings on each of the polea. and a rotary armal 




shaped that when current (either direct or alternati 
applied to the windings, a uniform torque is produced, 
causes the rotor to operate through about ninety d 
This movement is transmitted by means of a suitable c 
tion to the contacts. 

Being operable on direct current, the relay is adapt 
line service only- Its exceptionally high efficiency nu 
preferable for this type of work where direct current d( 
exist on the line ana where single phase operation is d 
Tbc relay operates in two positions only. 
In conclusion, attention ia directed to tVe co\k^^' 
few types of relays needed to cover tte ImW TMi?,e qI 
"nents of A. C. signaling 
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will be noted by reference to the description which has 

led: 

st — That but two general forms of construction are 

►yed, viz: the larger, more efficient form (Fig. 86), 

ally adapted for track circuit work, and the small, mod- 

y efficient form (Fig. 87), especially designed for line 

:s and short track circuits. 

md — That but two principles of operation are used, 

y : the inductive as employed in the Model 2 and Model 3 

, and the electro-magnetic as employed in the Model Z 

• 

rd — That each form is made in two sizes to accommodate 
)r less contacts as required. 

h these two forms, two principles of operation and 
zes of relays, wound and equipped with contacts as may 
lessary, all the requirements of A. C. signaling can be 
ithout resorting to a greater number of types. It will, 
)re, be seen that the G. R. S. relay construction has 
A. C. relays, as regards the diversity of types required, 
.ctically the same basis with the relays used in connec- 
ith D. C. signaling. 



SINGLE RAIL ALTERNATING CURRENT 

TRACK CIRCUITS 

SINGLE rail A, C. track circuits are largely used at inter 
locking plants in electrified temtoiy. With this type o; 
track circuit, insulated joints are placed in one rail only 
the other rail being used in common by the return propulsioi 
current and the signaling current (see Figs. 88 and 89). I 
will be seen that single rail track circuits are used to best ad 
vantage where there are two or more parallel tracks, h 
that the power or common rail of all these tracks can be bonde 
together, thus preventing interruption of the propulsion curren 
return in the event of a break in the power bonding in any on 
of the continuous rails. 

Advantages 

The chief advantage of single rail track circuits as comparei 
to the double rail type is in its lesser cost and complicatioi 
the double rail circuits requiring the installation of impedanc 
bonds to provide a continuous return for the propulsion cui 
rent. As there are usually a number of comparatively shor 
track circuits at an interlocking plant, it is seen that the us 
of double rail track circuits with impedance bonds would b 
very expensive. It is furthermore true that at many plants 
the track arrangement is such that it would be extreme! 
difficult to secure space at the bond locations for their installs 
tion. 

Limitations 

Traction Return. When single rail track circuits are in 
stalled, both rails cannot be retained for traction purposes, a 
noted above. If the giving up of one rail leaves insufficien 
return for the propulsion current, the use of single rail tracl 
circuits is barred and double rail track circuits would probabl; 
have to be employed. 

Broken Rail Protection. Single rail track circuits do no 
give broken rail protection due to the cross bonding require 
for traction purposes, which provides a number of returi 
paths through the rails of other tracks for the signaling currenl 
On this account the use of single rail track circuits should b 
restricted to slow speed tracks, such for example as in terminal? 
or to siding tracks. 

Length. The permissible length of single rail track circuit 
is limited either by ballast conditions, by the traction drop i 
the return rail between the points of connection of the tranj 
former and the track relay to the common rail, or by the con 
bination of ballast and drop. The Model 2 Form A relay a 
ordinarily constructed is capable of carrying 10 amperes direc 
current through its track winding without overheating c 
being caused to open. 

The drop in the common raW \\2ls tW eSect ot sending direc 
current from the common rail tYiTo\ig)cv\)cie\.T^TisicyravfeT ,>iXaw« 
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the ^gnalin^ rail, the track winding of relay and back to the 

^ cominon rail, this effect being maximum when a train is on 

the transformer end of the track circuit, thereby cutting out 

the transformer resistance and allowing the full drop to be 

^ effective throi^h the signaling rail and relay in series. 

In view of the fact that the common return rail has a neg- 
ligible resistance, there are times when it can be assumed that 
aU of this drop is effective across the relay, and to prevent a 
I prohibitive amount of direct current from flowing through 
the relay, under ordinary conditions a limiting resistance is 
added in series with the relay. 

If however the track circuit is long or the ballast bad, the 
traction drop will in all probability be excessive, thereby 
/ requiring that the limiting resistance be high, which in turn 
necessitates that a correspondingly high A. C. voltage be 
impressed across the rails at the relay location in order to 
secure operation; this A. C. voltage is limited since as the 
voltage is increased the current leakage between the rails 
throughout the length of the track circuit increases very 
rapidly. To take care of such a condition an impedance hav- 
ing low ohmic resistance to direct current, but high resistance 
V to alternating current, may be shunted across the relay ter- 
^ minals, this permitting a large amount of direct current 
to flow through the relay and impedance combined with- 
out causing more than 10 amperes direct current to flow 
through the relay; a unit of low resistance is still required, 
being connected in series with the relay and impedance, this 
resistance necessarily being in the nature of a grid since it 
»-> has to carry a comparatively large amount of direct current. 
-^ With this arrangement the transformer should be designed to 
I' stand a large amount of direct current through its secondary 
t* winding without having its A. C. voltage seriously affected. 
; Under the conditions ordinarily found in terminals or where it 
) is permissible to use single rail track circuits, it will be found that 
3*; the use of a resistance in series with the relay is adequate to se- 
"^ cure projjer operation, it being necessary only in rare cases to em- 
™ ploy the imi3edance shunted around the terminals of the relay as 
it j above described. 
5f' Energy Required 

^, The energy required for the operation of single rail track 
^^ circuits depends upon the amount of traction drop in the com- 
^ mon rail and upon the ballast conditions. In an interlocking 
j^ ' plant where the track circuits may average 500 feet in length, 
' the energy per track circuit, employing the Model 2 Form A 
track refiiy, should not exceed the figures given below: 

Total Energy Required for Track 
Circuit and Relay Local 

25 cycle current, 30 volt amperes 25 watts 

60 cycle current, 40 volt amperes 30 watts 

Note. — The Model 2 Form A track relay, quick actm?; a,ivd <i«is\m^ ^.^ 
stand 10 amperes direct current, has a resistance ol abovvt ow^YvsCa cJt' 
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Types of Single Rail Track Circuits 

common practice when installing single 
uita has been to locate the track trans- 
f the track circuit and the relay with its 
housing and auxiliary apparatus at the other end; this re- 
quires that the relay must be repeated into the interlocking sta- 
tion to operate other relays ot indicators. A simplified dia- 
gram of such a circuit is illustrated bj; Fig, 88. 

In sharp contrast with this is shown in Fig. 89, the method 
which can be used when a high efficiency polyphase relay such 
as the Model 2 Form A is employed. By feeding the track 
circuit from a central source anci extendmg the relay leads 
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from the traclt circuit into the station, the amount of apparatus 
can be cut down, maintenance costs reduced to a minimum, 
and certain safety features, not obtainable in the other arrange- 
ment, secured. 

It will be noted that in the central energy scheme, the 
vital parts of the track circuit are located in the station directly 
under the eye of the maintainer which permits adjustments to 
be made under the most favorable conditions. Due to r"-* 
simplicity and accessibility ot this type of track circuit, ma 
tenance is reduced to a mmimum, 

A considerable amount of apparatus is saved hy this kind of 
an installation, since secondary relays with their track boxes, 
additiona.1 iriring' and fusing, are not required: furthermore, 
' -> numerous track transformers ■w\nc\v oftierwvae -wcftii Wve ' 
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to be distributed from one end of the interlocking plant to 
the other are eliminated due to the circuits being fed from one 
central point. The resistance of the leads from the track 
circuit to the relay and transformer, constitute a part of the 
limiting resistaface required in series with these pieces of ap- 
paratus. 

A safety feature obtainable in the central energy scheme 
which cannot be overlooked is in the protection against crosses. 
It will be noted by reference to Fig. 88 that a cross at X will 
cause false operation of the repeating relay in the station, 
whereas a similar cross in Fig. 89 prevents, as it should, 
operation of the relay. Every step toward simplicity is a 
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Fio. 89. Single Rail A. C. Track Circuit 
Central energy scheme. 



step towards safety and this central energy control is the 
last word in simplicity as regards track circuits. 

The high efficiency of the Model 2 Form A relay especially 
adapts it for this kind of work, the relay requiring but a small 
amount of current from the rails, while a comparatively large 
amount is supplied at the station for the local phase of the relay. 
The relay may be eauipped with an indicator blade and 
located in plain sight oi the leverman, thus dispensing with the 
necessity of repeating indicators which might otherwise be 
required for this purpose. 

Typical Installation of the Central Energy Scheme 

Fig. 90, which is typical of a large G. R. S. installation, 
illustrates the extension of the principle of Y\%. SO Iwto tfe.^ 
complete wiring required in connection mt\i Wv\s> ty^^ ^^ * ^ 
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circuit work. It also indicates the control between the inter- 
locking machine and the switch and signal functions in the 
given section of track, and shows the method of controlling 
the switch lever locks and track indicators through the track 
reteiy. 

llie track relays and transformers are shown located in the 
station, the latter being installed in duplicate to prevent any 
interruption of service should anything happen to one of 
the transformers. It will be noted that the transformers, 
besides feeding the track circuits, are used to furnish energy 
for the signal lighting and the operation of all A. C. appa- 
ratus. The track winding of these transformers is brought to 
a buss bar on the distributing switchboard, the individual 
lesida of the various track circuits being connected to this buss. 
It is general practice where the track circuits vary sufficiently, 
or where any of them are located far enough from the station 
to require much more voltage than the others, to provide the 
track winding of the transformer with a number of taps which 
are carried to different buss bars, the individual leads of the 
(Afferent track circuits being taken from one buss or the 
other as required. 



IMPEDANCE BONDS FOR DOUBLE RAIL 

ALTERNATING CURRENT TRACK 

CIRCUITS 

WHEN it 13 desired to install A, C- track circuits and 
both rails must be retained for propulsion purposes, 
double rail track circuits, such as are shown by the 
typical circuit, Fig. 238, must be employed. It will be noted 
that the track is divided into sections of varying length by 
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means of insulated rail joints. Impedance bonds are installed 

at such locations for the purpose of providing around the joints 

a low resistance path for the return D. C. propulsion current, 

while not permitting the passage of the A. C, signaling current. 

The bonds consist of a few turns of heavy copper wound 

about, but insulated from, a laminated iron core, the con- 

j nections to the rails being so made that the traction current 

has no magnetic effect on the bond, provided an equal amount 

is lowing m each of the rails. If, however, more current ia 

/lowing in one raiJ than in the other, thwe ■wffl \ie a. tewdeney 

to saturate the iron core and thereby reduce tVe vm9eSa.-cv.te 

or the bond. This effect, which is caWed " UTCDaXw^cmt" 

's limited by introducing an air gap into the ma^^vt i\t<m,i 
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the bonda ordinarily being designed t 
unbalancing without a decrease of mor 
impedance. 

The size of the bond to be installed is dependent upon the 
amount of current the bond will have to carry, the impedance 
to which it must be wound (this being more or lesa dependent 
upon the length of the track circuit), and upon the amount of 
unbalancing to be taken care of. Where good traction bond- 
ing can be maintained a less amount of unlialancing can be 
faired upon, and hence a smaller size of bond employed. 




B 


BUB n 1-orm u Hona sisc 3 Form A Bona 


20Vi inches ■ I8W inches 
24% inches 17^ incliHi 
13%mchM lKAinch<-- 



The Size 1 Form C bond, which is the lai^est, is installed 
only where the heaviest traiBe requirements are to be met, the 
size of the bond requiring that it be located outside of the rails. 
The Size 2 Form B and Size 3 Form A bonds are of such dimen- 
sions as to permit their being installed between the rails. 
These smaJJer bonds are fumisbed with aloi^wv?, covots tu ^^a- 
vent their being caught by dragons tram ■^mV'*, ».T.i a:^^ 
^ecmliy designed_ to have their leadatro\\a>A C)\it ol -Ctv^ «>.« 
r to faciJitate connection to the ra.S\s.. 



TRANSFORMERS 
High Tension Line Transformers 

THE Type L transformer is a single phase, oil immersed, 
self cooled, pole type transformer, designed to step down 
the transmission line voltage {6,600 volts ir- "-■""""' -' 




The combinations in which these transformers are made up 

are as SoWovjs: 

1. High £ensionprimarywindiT\gaTid\o-« tensionsecondary 

nrinding for feeding relay locals, s\gna\ mecViatiwii^, b-w^Xy^Xs,, 

,^- Hish tension primary winding a.nd\o'« letisvo-n ^isa^iw^T; 

finding tor feeding track circuits. 
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1. High, tendon prinuiry winding and low tension secondaiy 
1^1^, one for feeding relay locals, sienai mechanisms and 
its, and one or two for feeding track circuits. 
nte primary or high tension winding ma^ be equipped 
h 6 and 10 per cent, taps hroi^ht to a suitable porcetidn 
mixial block, which ordinarily is located below the oil 
d to minimize the liability of lightning arcing from post to 
It. The secondary leads and taps are brought to a sepa- 
e porcelain terminal board located above the oil level. 
rhe transformer windings are contained in a cast iron, 
ter-proof case, which is fitted with lugs to take the hanger 
OS necessary for mounting. 

These transformera are built with the same relative polarity 
i are so constructed that reversing the polarity of the tract 
d may be accomplished on the terminal block inside the 
nsformer without changing the permanent exterior circuit 
inections. 




!^e losses and copper losses are lower and the efficiency 
ier than usually is obtainable on this special class of trana- 
mers. Good regulation on low power factor, low exciting 
Tent and high insulation (insulation testa being 50 per cent, 
jve A. I. E. E. standards) are features which combine 
form an exceptional transformer in point of long life and 
ety. The transformer design is strictly in accordance with 
S. A. specifications. 

Secondary Track Transformers 
The TVpe K secondary track transformer as illustrated by 
;. 95 IS of the air cooled type and is especially designed 
feeding individual track circuits, being used, however, to 
ne extent, in connection with low voltage tungsten light- 

rhe transformers are ordinarily made up with one high 
ifflon primary winding and one low tension secondary 
:idii^, this latter being provided with taps for the adjust- 
Mt of the track circuit feeds. The pTOiffi.T\ea Kte "hikctA. 
any voltage up to 440 as epecffied atvi as in&wrffsj 
aJJed are connected to the low tena\0"a BeRCi"[vft3.vj "A "i^ 
tranafonner. These connections can \>e TftaAfc 'M^*- ^ 



track tranBtormer housed in the relay hox ordinarily installed 
at signal locations. 

The cover of the transformer is provided with, binding posts 
for hoth high and low tension windings. The case is of^ cast 
iron, light in weight, and is provided both with lugs for hang- 
ing, and with feet to permit of the device being mounted as 
desired. 

The same exceptional efficiency, regulation, and low exciting 
current are obtained in this class of transEornier aa in the Type 
L traDsfonnerB, previously described. 



SECTION IV 



SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 



COVERING HKC'OMMENDKI) PRACriCE 
FOR ELECTRIC LIGHTING AS TO THE 
ARRANGEMENT OF LAMPS, SOURCE 
OF POWER, AND PRECAl'TIONS TO 

OBSERVE 



SIGNAL LIGHTING AT INTERLOCKING 

PLANTS 

rr^^HE €[uestion as to whether oil or electricity is to be used 
S for lighting the signals at electric interloclong plants, de- 
pends on what is most economical and satisfactory under 
the particular conditions existing at each separate plant. 

In many cases a decision as to the type of lighting best 
adapted to a siven plant can be easily reached. For example : 
If commerciu power of proper voltage is available at low 
cost, or if alternating current is employed in connection with 
the signaling, it will imdoubtedly be found desirable to light 
the lamps dectrically; this is especially so if the plant is a 
very laree one, as at such a point the ou lamps woiud require 
a specisu force of lampmen for their maintenance. On the 
other hand, if commercial power is not available or can be 
secured onlv at a high rate, or if the plant is so small that oil 
lamps coula be car^ for by the force regularly employed, it 
will probably be found most economical to use oil lighting. 

In cases where the course to be followed is not so evident, a 
careful estimate of the initial expense involved and of the cost 
3f oi)eration and maintenance, should be prepared before a 
iecision is reached. In the case of oil lighting it is merely 
lecessary to consider the cost of the lamps, oil, maintenance, 
3tc. In the case of electric lighting, however, a number of 
3ther considerations enter into the problem as outlined on 
the following pages. 

Type and Arrangement op Bulbs in Signal Lamps 

The bulbs used in this type of work are ordinarily of low 
*andle power, it having been found that ample light is secured 
from bulbs of two or four candle power. When the lighting is 
operated at 110 volts, the carbon filament type is installed, it 
being considered that metallic filament bulbs of such low 
:an(ue power are too frail to be reliable when designed for 
operation on this voltage. Where it is possible, however, to 
Nunish current at a potential of from 6 to 12 volts, the high 
sfficiency of the metallic filament type can readily be made 
use of. 

POWER REQUIRED FOR OPERATION OF 
INCANDESCENT LAMPS 



Candle 
Power 


Carbon FiiiAiiKNT 


METALLIC 


FiLAlfXNT 


110 Volts 


55 Volts 


10-13 Volts 


4r-6 Volts 


Watts 


Watts 


Watts 


Watts 


' ' 1 


10 1 
20 1 


10 
20 


■' 


\ v^k 




Norm. — Values approximate. 
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In determining the arrangement of the bulbs in each si^pial |: 
lamp, the first consideration is to insure the sispoals agamst y-. 
ever being without light. On this account, general practice has z 
been to have each signal lamp contain two bulbs, connected 
in multiple, it being nighly improbable that both will bum ^ 
out at the same time. The reduced brilliancy of the signal 
light, resulting from the burning out of one of the biubs, '■ 
causes the fauure to be quickly detected and permits tiie 
necessary renewal to be made at once. i 

Where two bulbs, burning in multiple, eive more than the j 
amount of light rec[uired, an economy can be effected without j 
sacrificing reliability by employing ''cut in" rdays which 
permit the burning of but one of the bulbs at a time. The 
coil of this ''cut in ' relay is connected in series with the bulb 
that is to b\im normally, a back contact on the relay behig 
arranged to connect the reserve bulb across the lighting mains 
in the event of failure of the one in service. 

Another way to reduce the energy consumption and still 
retain the necessary reserve, is to use the nigh efficiency 
metallic filament bulbs connected in multiple. As stated 
above, a low candle power bulb of this type to be reliable 
must be operated on low voltage. 

Normal Source of Power and the Necessary Reserve 

Having touched upon the t3rpe and arrangement of the 
bulbs to oe used in signal lamps, the next consideration should 
be with regard to the normal power supply and what reserve 
should be provided to keep the lights burning in case of 
emergency. 

It IS recommended as good practice that the signal lights 
should be operated from a commercial source, the control 
being arranged so that the lighting systems will be quickly 
transferred on to the 110 volt interlocking battery in the 
event of failure of the commercial power. It will be seen 
that this use of the interlocking battery as a reserve restricts 
the lighting to operation on 110 volts. The commercial j)ower 
may be either alternating or direct current and will in all 
probability be delivered at 110 or 220 volts. If this potential 
IS 220 volts, it is, of course, necessary to install a motor gen- 
erator set, transformer, etc., to reduce the voltage to that 
required by the lighting system. 

Where a reliable source of alternating current is available, 
such, for instance, as can be obtained when the interlocking 
plant is located in A. C. automatic signal territory, the reserve 
oattery is not considered necessary, and this permits the light- 
ing system to be operated at any voltage desired. In such a 
case low voltage metallic filament lamps can be operated, 
transmission about the plant being made at a higher voltage, 
thus avoiding the necessity of installing large lighting mains. 
In this connection it is to be noted that low voltage lighting 
should be restricted to points wYiete t\ve cMTtetA. svxv^V^ ^ abso- 
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lately reliable, except in the caae of a plant with compara- 
tively few signalB, at which plant a low voltage battery of 
BoitaDle capacity is available for use as a reserve. 
[ In case commercial power, of the proper voltage, or sig- 

> naling power cannot be secured, the lights should then be oper- 

<! ated from the charging generator, provision being; made to 

"> transfer the Ughts onto the interlocking battery m case of 

I faOiire of the eenerating imit. Attention is called to the 

undesirability of lighting from this source unless either the 

• ' charging unit or interlocking battery is installed in duplicate, 

• since iTonly one generator and one battery were employed, 
I ' the capacity of the battery would have to be excessively 
' . large to provide sufficient reserve against the failure of the 

> ] charging generator, such a failure in all probability being of 
I ^ longer duration than would be the case with commercial 

* * power. 

Precautions 

"^ In operating the lighting system from a charging generator 

X great care i^ould be used to see that the normal voltaee of the 

?' { hmps is never exceeded, since the bulbs will be quickly burnt 

I out if subjected to an excess voltage. This increased voltage 

} always exists when the charging generator is supplying cur- 

^ f rent tor the lighting system at the same time it is ciuuging the 

i interlocking Mitter^r; therefore, a regulating device must be 

^ ' provided to maintain the voltage on the lamps at the normal 

^^ point. This device ordinarily is a hand operated rheostat 

^ which has sufficient r^ulation to permit the voltage to be 

^ kept at normal. It wiU be seen that the device will require 

the maintainer's attention at frequent intervals; this, how- 

1^ ever, cannot be considered serious, as under such conditions 

"^ the interlocking battery would never be charged at night except 

V in case of emereency. Where duplicate batteries are employed, 
^ a regulating device is not required, as the combination of 
^' switches on the power board can be so arranged that it is 
^, impossible to serve the lighting circuits from the battery 
ff • that is being charged. 

^ Precaution respecting cross protection should be observed 

^ whenever the interlocking battery may be called upon to 

^ furnish curront for the lighting system. At plants where the 

Lt operating switchboard is ecimpped with the cross protection 
circuit breaker shown in Fig. 24 (both positive and negative 

^ \ battery connections being broken through the circuit breaker 

V contacts), the signals can be electrically lighted from the inter- 
"* locking battery without endangering the proper operation of 
^> the switehes, signals, or other functions of the plant. If, 
f however, it is proposed to electrically light the signals of an 
L existing 6. R. S. plant at which plant the old t3rpe of circuit 
- breaker (Sec. 1, £lec. Int. Cat., page 280) is installed, it is 
^ strongly recommended that the operating switehboard be 

I equipped with the double pole circuit breaker (,¥\^. "14^ vcA 
the circuits rearranged to embody the prmcipVea ol >i)cife -wfoist 



180 GENERAL RAILWAY SIGNAL COMPANY 



shown on page 88. The lighting mains under no c< 
should be controlled through the circuit breaker. 

Recommendations 

It is recommended that two bulbs always be inst 
each signal lamp, burning in multiple or operated in 
tion with a "cut in" relay. 

Reading the source of power, it is recommended 
practice that commercial power be employed, pi 
arrangements are made to cut the lighting system o 
interlocking battery in case of failure of the commercial 

Where the interlocking plant is located in A. C. an 
signal territory the lightmig may be operated on any 
desired. At such a point high efficiency metallic l 
lamps can readily be operated. No reserve is neces 
view of the fact that the signal transmission line is 
thoroughly protected against power failure. 

Where neither commercial power nor A. C. signaling 
is available, the signal lighting may be electrically c 
from the charging generator, provioing the interlock! 
tery is (or battenes are) of sufficient capacity to ins 
continuous operation of the interlocking and lighting 
through any period of time necessary to repair a failure 
part of the charing unit. 

In all cases ^ere storage batteries may be called ^ 
furnish current for the lighting circuits, regulating ap 
must be installed to permit the current from such ba' 
be delivered to the lighting mains at normal voltage c 
charing period. 

Whenever the interlocking battery serves as a res© 
circuits and apparatus on the operating switchboard i 
such that operation of the lighting system will in : 
endanger cross protection. 



SECTION V 



ELECTRIC LOCKING AND CHECK LOCKING 



GIVING A DESCRIPTION OF THE VARI- 
OUS TYPES OF CIRCUITS AND THEIR 
APPLICATION TO ELECTRIC INTER- 
LOCKING WORK 
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ELECTRIC LOCKING 

ELECTRIC locking as defined by the Railway Signal Asso- 
ciation consLBts of "the combination of one or more elec- 
tric locks and controlling circuits by means of which 
levers in an interlocking machine, or switches or other devices 
operated in connection with signaling and interlocking, are 
secured against operation under certain conditions." 

Electric locking is a development of the tendency in rail- 
way signaling practice to constantly decrease the manual 
control of all functions and to increase the automatic control. 
The first important step aJons this line was the operation of 
switches and signals through tne medium of interlocked levers 
concentrated in a central machine. The real beginning of 
electric locking, however, was in the installation at mechani- 
cal plants of locking circuits which were to prevent the lever- 
man from changing the route in the face of an approaching 
train. This was followed by a step which had its inception in 
the all-electric interlocking system : namely, section or detector 
locking which was designed to afford safety to a train from 
the time it passed the home signal location until it cleared 
the limits of the interlocking plant. As first installed in con- 
nection with electric interlocking, the switches and derails in 
a given track section were prevented from bein^ thrown while 
a train was on that track section, by interruptmg the current 
supply to those functions by means of a rekiy controlled by 
the track relav of the section in question. At the present 
time this metnod of control is not generally used with the 
all-electric system, having given way to the practice of equip- 
ping each switch and derau lever with electnc locks, properly 
controlled by the various track sections. 

Ever since the time of those first successful installations, 
the signal men of the country have become more and more 
alive to the fact that safety of railway operation could be 
much further assured by the development of this principle of 
automatically preventing the operation of functions which 
might endanger the safety of trains approaching or passing 
through interlocking plants. In foct, at the present time 
electnc locking has come to l>e considered by many a necessary 
adjimct to an mterlocking plant. 

Due to the rapidity of me development of the art, a wide 
range of methods has been used to accomplish the same 
result; the principles involved, nevertheless, have been so 
nearly uniform that it has become possible to determine the 
elements that enter into good practice. For instance, it will 
be foimd that it should always be possible to restore the home 
signal to the normal position, even though it may not be 
desirable to release the route beyond. Also in case of emerg- 
ency, release of the route is generallv permitted through the 
use of a time rdease or hand switch; the circuits are such 
that when the device has been operated to aeoxc^ >i)(i<^ ^<^ss£^ 
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release, eoiue circuit essential to tbe opavtioD of eith«' switeb 
or signal functions will be broken, thus neceasitatinz that tbe 
time release or hand switch be returned to its normid podtioo 
before operation of the switches or idgnala aSected can be 
resumed. 

Based on the above, the Railway Signal AssociatioD has 
classified Electric Loching in the following manner: 
"Section Locking. Electric locking efiective while a train j 
occupies a given section of a route and adapted to prevent | 
manipulation of levers that would endanger the train while I 
it is within that section." I 

An illustration of section locking is given in fig. 97, showing | 
the manner of controlling the locks with which the ewiten , 
levers are equipped. As the levers are locked in either the I 
full normal or full reverse position, it will be seen that the ' 
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-lL„-lJ,,,^.,^rutlnormal and 
Qk Q" n«> reverse lock* 
*^ y^ *7C on switch levers 
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operator is prevented from changing the position of the switches 
or derails in a given section during sucn time as that section 
is occupied or fouled by a train. 

** Route Locking. Electric locking taking effect when a train 
f /asses a signal and adapted to prevent manipulation of levers 
;hat would endansrer the train while it is within the limits 




i of the route en 

f Route locking is a development of section locking in which 

I the switches and derails in all sections of any route are locked 
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Fio. 98. RotTTE LocKiNO CzRcnrr 

NoTB. — To positive battery through lever contacts and relays as de- 
termined by the layout of track indicated by dotted lines. 

- from the time a train enters that route until such time as the 
\ route is cleared. An illustration of route locking applied to 
a simple layout is shown in Fig. 98. It is evident that the 
circuits become somewhat complicated when used in connec- 
tion with an interlocking where Uie routing of each signal 
may extend over a niunber of combinations of track sections. 

"Sectional Route Locking. Route lockine so arranged that 
a train, in clearing each section of the route, Tde!a£e&^i)cL^Vy(^GS!fi(^ 
affecting that aection. " 

*«. ^"5^ ffr* further development of aecdoii \ocNa»% \xi ^^SwSa. 
the fuBcdoDs m all sections in a given xoute «ce \o^3«w^ «i 
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soon as the train has passed the home si^pal, the functions ii 
each section, however, being released behmd the train as son 
as the train has passed out of the section. 

The installation of sectional route locking has been laigBtf 
restricted to points such as congested terminals where tbti 
maximimai mmaber of traffic movements is demanded with • 
maximimoi of protection. Due to its being little used, and on 
account of the rather complicated circuits involved, no i^ 
tempt has been made to show any typical illustration of the 
circuits required in such work. 




Annunciditor 



Control 5(9.6 

5crew ReleaM 



Hdlf reverse lock 
on Signal lever 6 



FiQ. 99. Approach Locking Circuit 

•'Approach Locking. Electric locking effective while a train 
is approaching a signal that has been set for it to proceed and 
adapted to prevent manipulation of levers or devices that 
would endanger that train. ' 

Fig. 99 shows an approach locking circuit in which a half 
reverse lock on the home signal lever, through the medium of 
the locking between the signial and switch levers, prevents the 
release of tne route during such time as the lock is ae-energized. 
The locking becomes effective after the signal for the route has 
been dear^ and the train has passed a predetermined point, 
which in Fig. 99 is the annunciator section; the lockmg is 
released as soon as the train passes the home signal. 

It will be noted that in Fig. 99 no protection is given after 

the train has passed the home signal, i. e. — no route lod^ 

protection is afforded. Protection can be given through the 

plant by releasing the signal lever in the firet section beyond 

the limits of the plant instead oi on \[)tift VstV:^-^^ ^a^^ee 

control relay. 
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"SncK, Locking. Electric locking taking effect upon the 
■etting of a sisnal for a train to proceed, released bv a passing 
train, and adapted to prevent manipulation of levers that 
would endan^ an approaching train.' 

Stick locking in realit]^ is only another form of approach 
kxddng, being different in that it becomes effectve on the 
rsTersal of the home signal lever and does not further depend 
on the approach of a train. 

Fig. 100 shows a stick lockine circuit in which the half reverse 
lock, with which the sienal lever is equipped, prevents its 
return to the full normal position, and, therefore, the release 
of the route governed, until such time as a train has passed on 
to the release section; this section is shown located beyond the 
intarlocking limits as mentioned under "Approach Locking.'' 




Screw Rele ase^, T 
Control SigS-Iir 



Half reverse locK 
on 5ignal lever 6 



Fio. 100. Stick Locking Circxtit 

It will be seen that it is necessary to restore the sig;nal lever to 
the normal position while the tram is on the releasing section, 
otherwise the signal lever can only be returned to the full 
normal position through the operation of the time release. 
If desired, the releasing section may be extended to include 
the several track sections in the route so that the lever may 
be restored to the normal position any time the train is within 
the limits of the route. 

"Indication Locking. Electric locking adapted to prevent 
any manipulation of levers that would bring about an unsafe 
condition in case a signal, switch, or other operated device fails 
to maJce a movement corresponding with that of the operating 
lever; or adapted directly to prevent the operation of one de- 
vice in case another device, to be operated first, fails to make 
the required movement 

As an illustration of this type oi \oc\dM tojk^ \i^ \a^«\- 
tnjr electrical device, which is deagned t;om^ca.\fc ^^ ^• 
xpondence of position between a -amt wid Vca <OT^tocJ^^s 
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lever. The aiiDplest example ia the Indication of the podtioii 
of a semaphore blade by means of a lock or other device m 
the governing lever, the control of this lock beiiw carried 
through the circuit breaker on the s^[Dal. The weU-known 
dynamic indication of the all-electric system is a strikiiig 
example of indication lockiiig. 

It will be found that with the exception of certfun forms at 
indication Iocldn2, such aa the dynamic indication, the diffw- 
ent fas^ forms of electric locking as outlined above are selitom 
used alone, but in combinations. 



'V,;^ .! 
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Tia, 101. Circuits i 



Fill I Momwland Ravara* 
loch* on Switch Uvera, 

It COUBIMATIOH OF APPROACH, Indicatio 



Kg. 101 illuatratea the use of an approach locking circuit in 

conjunction with section locking, and with indication locking 

for distant signal No. 1. In this circuit the control is seci^ed 

by ecjuipping the switch levers with electric locks governed by I 

a stick relay. The locking becomes effective when signal 

No. 6 is cleared but is capable of being released by the return 

of lever No. 6 to the normal position, providing a train has 

passed into the releasing section, or providing no train is on 

any of the track sections repeated % ttie a.rai\m.ciaSOT a.od I 

tije forty-five degree control Te\ay ^cft aVgosi "lA^i. %. "^^ 

circuit does not require that th.6 \evCT \ie t^cOTTv*&. \k. * 

aortnal position wMle the tnun ia on. ^fti6 te\tasvwt wJto! 
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f this feature is desired the control may be bndEeo tbrough 
he contacts on lever No. 6 instead of through the circuit 
mber of the dgnal. 

The indicatioii loddng feature consiata of cariTing the 
mtrol of the stick relay throush the circuit breakra' of dis- 
ant signal No. 1 to prevent release of the route under any 
•ondition if a^nal No. 1 is not in the caution or stop podtion. 

fig. 102 illustrates a similar arraneement of tracks and sig- 
qiIb, with circuits providing stick lodoog, section locking, and 
bUcatian locking. It is to be noted that in every particukir 
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Full Normal 4nd Reverse 
locks on Snftch Lcvirs 
Fitt. 102. CiBcmr won Coubihatioh of 9tice. Ihdicaticin Ann 

SiCTlOH LOCKIMO 

hiscircuitis tbesameasthat in Fig. 101, except that tbestick 
tjajr does not have a pii^ up through the forty-five 
Iwree control relay and the annunciator in series; the 
mismon of this wire classes the circuit under "Stick Locking." 
'he locldng becomes efiectlve upon the clearing of spinal 
lo. 6 and is released by a train on the clearing section or by 
peration of the time release. 



CHECK LOCKING 

WHEN interlocking plants are located a comparativdy 
short distance apart, it is advisable and rrequently 
necessary to install what is known as "Check Lock- 
ing," which enforces co()peration between the levermen at the j 
two plants in such a manner as to prevent opposing signals, ' 
governing over the same track, from being at proce^ at the 
same time. Furthermore, after a signal has been cleared and ! 
accepted by a train, check locking prevents an opposing signal 
at the adjacent interlocking plant n*om being cleared imtil the 
train has passed through to that plant. 

Fig. 103 shows a check locking circuit which involves the 
use of check lock levers at each plant, the arrangement and 
method of operation of these levers making the circuit especially 




Fig. 103. Check Locking Circuit 
For use where there is no preference as to direction of traffic. 

adaptable where there is no preference as to the direction of | 
traffic. The signal levers at each station, governing move- V 
ments over the intervening track, are so interlocked with the i 
check lock levers in their respective machines, that they may ! 
not be moved from their full normal position until their re- 
spective check lock levers have been moved to the full reverse 
position. By reference to Fig. 103 it will be seen that the 
check lock levers are so controlled that but one of them can 
be in the full reverse position at the same time. Therefore, 
it is impossible for signals No. 1 and No. 20 at stations A and 
Z, respectivelv, to be displayed at proceed at the same time. 

The control circuit for the check lock levers is shown broken 

through relay X, which represents the track relays for the 

sections between signals No. 1 and No. 20. This prevents a 

check lock lever being thrown, to t\i^ Ia3^ Tcviec^'i ^^^\\Sss^ 

and, consequently, any traf&c movement Vcom ^^^^J^??* xwzA^ 

during such time as these sections axe oecvi^v^^. ^^^ x^^sasR 
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of either lever in moving to the reverse position is effected 
by current taken from the battery at the far end of the circuit. 

The check locking circuit shown in Fiff. 104 is designed for 
Gperation when there is a preference in the direction ol traffic, 
miee traffic movements can normally be made from A to Z 
wi^umt any interference from the check locking, it beins 
neceeaary, however, when makins a movement from Z to A 
(aminst traffic) to operate both check lock levers. 

uch station is equipped with a check lock lever so interlocked 
with signal levers No. 1 and No. 20, that lever No. 1 is 
free to be moved onlv when the check lock lever at A is full 
noraud, and lever No. 20 only when the check lock lever 
at Z is full reverse. The control, however, of the check 
lock levers is such that the lever at Z can be reversed only 
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FiQ. 104. Check Locking Circuit 
For use where there is preference as to du^ction of traffic. 

i^ter the check lock lever at A has been thrown to the full 
reverse position, and, after having been moved from its normal 
position, the lever at A can be returned to the full normal 
position only after the return of the check lock lever at Z to 
tull normal. Thus it will be seen that it is impossible to have 
I condition existing which would permit signal levers No. 1 
md No. 20 to be reversed at the same time. 

The final movement of the check lock lever at Z in being 
moved to the full reverse position, and of the check lock lever 
it A in being placed normal, is permitted by energy secured 
from the battery located at the far end of the cinniit. 



SECTION VI 



^STALLATION AND OPERATING DATA FOR 
POWER PLANTS AND SWITCHBOARDS 



COVERING LEAD TYPE STORAGE BAT- 
TERIES, GENERATORS AND MOTOR 
GENERATORS, GASOLINE ENGINES AND 
SWITCHBOARDS, WITH DATA AND 
TABLES FOR THE DETERMINATION OF 
THE PROPER TYPE AND CAPACITIES 
OF APPARATUS 



f LEAD TYPE STORAGE BATTERIES 

iOTORAGE or aecoadaty batteries consist of cells, the plates 
j^ and electrolyte of wnich can be restored to their ongin&l 
condition after discharge, by forcing an electric current 
through the cell is the direction opposite to that taken by 
' tba current produced bv the cell. When a primary battery 

!ia exhausted the electrolyte and elements are renewed before 
farther use. It ia in this reversability or regeneration that 
lies the fundamental difierence between stor^e and primary 
cells. 
I The lead type storage cell consista easentially of two 
I plates or sets oi plates suspended in a dilute solution of sul- 
phuric acid. There are many forms of plate conatruction, but 
the chemical composition ia generally the same, the positive 
and negative plates being made of peroxide of lead and pure 




I or "sponge" lead, respectively. When the elements are com- 
posed of more .than two plates the negative plates in each 
cell are one more in number than the positives. Wooden 
or hard rubber separators are introduced oetween the plates 
to prevent any of the positives from coming into contact with 
the n^ative plates, thus causing short circuit. 
When the circuit ia closed and the battery diacbai^ng, the 

I sulphuric acid combines with the lead in the elements farming 
a deposit of sulphate of lead on the surface of both poaitive 
and n^ative plates, the deadty (^ecilic gravity) of the 
electrolyte diminishing as the sulphunc acid leaves it to com- 
bine with the materials of the plates. By forcing current 
through the cell in the direction opposite to that of the dis- 
charaed current, the sulphate of lead on the negative plates 
will be converted into sponge lead and sulphuric acid, and the 
aiilTthate of lead in the positive plates into peroxide of lead 
ana suljihuric acid ; the sponge lead and the peroxide of lead 
remain in the plates and the sulphuric b.(A4 fiiftuaea \-o. "Cob 
eiectrofyte, the apocific gravity ot wbicYi riaea vci ct««RnfW 
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EXTRACT FROM R. S. A. SPECIFICATIONS FOR 

LEAD TYPE STATIONARY STORAGE BAT- 

TERY FOR INTERLOCKINGS (1913) 

1. Intent 

\ The intent of these specifications is to provide for the 

furnishing of complete storage battery cells and parts, 
designed to be located in interlocking stations or battery 
houses and used for operating interlocking and signal 
apparatus. 

2. Designations 

(a) In ordering cells or parts the nominal capacity re- 
quired wiU be designated as "40 A. H., "80 A. H.," ^'120 
A. H.," "200 A. H.," "320 A. H.," or "400 A. H.," and 
these terms shall be understood to signify, on an eight (8) 
hour basis, the capacities and dimensions thus designated 
in these specifications and Railway Signal Association 
drawing 1224. (See page 146.) 

(5) Each complete cell, ucJess otherwise specified, is 
understood to include the following parts: 

1. One (1) positive group, consisting of the neces- 
sary number of positive plates assembled with con- 
necting strap and one (1) connecting bolt. 

2. One (1) negative group, consisting of the neces- 
sary nimiber of negative plates assembled with con- 
necting strap and one (1) connecting bolt. 

* 3. One (1) set of separators, with dowels and hold 

i downs. 

4. One (1) glass jar. 

5. One (1) glass sand tray, with moulded feet. 

6. One (1) glass cell cover. 
I 7. Rec^uireof electrolyte. 

(c) Positive or ne^tive groups, if ordered separately, 

will be ready for service after an initial charge continued 

' for fifty (50) to sixty (60) hours at the eight (8) hour rate. 

3. Capacity op Battery 

V In conformity with service requirements. 

4. Number op Cells per Battery 

In conformity with voltage requirements. 

j 5. Dimensions 

Jars, sand trays and covers must conform to Railway 
Signal Association drawing 1224, which is an essential 
part of these specifications. (See page 146.) 

6. Elements 

(a) Pomtive plates shall be of the P\aiitfe t^^. 
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(&) Negative plates shall be either of the Plante type or 
of the type having mechanically applied active material. 

(c) Positive and negative plates shall be respectively 
connected into positive and native groups by burning to 
lead straps. 

7. Separators 

Separators shall be of specially treated wood. 

8. Electrolyte 

(a) Electrolyte shall have a specific gravity of between 
1.205 and 1.215 at the end of the initial charge in service. 

(b) Electrolyte shall be in accordance with Railway 
Signal Association specifications. 

9. Acceptance 

No unit or part will be accepted which does not, in the 
judgment of the Purchaser, conform to the best practice 
with respect to material and workmanship. 

10. Service Requirements 

(a) It is essential that all parts shall be rugged in the 
highest degree both mechamcally and electrically. The 
apparatus nimished must give satisfactory and economical 
service. 

(6) Should any injurious buckling of plates occur in 
normal service withm one (1) year after delivery, or 
should the capacity of any cell or element fall to less than 
eighty-five (85) per cent, of the specified capacity at the 
eight (8) A. H. rate, in normal service, within one (1) 
year after delivery, the Contractor must replace the 
defective parts and restore the affected cells to their full 
specified capacity and to a condition satisfactory to the 
Purchaser, without additional cost to him. 

(c) As far as practicable, it is understood that the cells 
are to be operated in the manner recommended by the 
Contractor, but the necessities of operation must be the 
first consideration. 



R. S. A. DIRECTIONS FOR INSTALLATION OF 

LEAD TYPE STATIONARY STORAGE 

BATTERIES (1909) 
1. General 

(o) The battery should be housed in a space by itself as 
the acid fumes given off during the charge are of a cor- 
rosive nature. This space should be well ventilated, 
well lighted, and as dry as possible. If the space is speci- 
aUy constructed it should contain no metal work other 
than lead. If this is not possible, tVierv svich. metal parts 
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should be protected bv at least two (2) coats of acid-proof 
paint. The floors of a lai^ge battery room should be 
preferably of vitrified brick, jointed with pitch. 

(&) Batteries should be placed in a room having a uni- 
form temperature, preferaoly seventy (70) degrees Falu*. 
Low temperature does not injure a battery, but lowers its 
capacity approximatel^r one-half (^) of one per cent, per 
degree. Excessively mgh temperatures shorten the life of 
the plates. 

(c) If glass jars are used and cell is not of the two-plate 
type, the following should be observed : 

1. Batteries up to four hundred (400) ampere hour 
capacitv shall be placed in glass jars. 

2. The capacity of battmes shall ^ be for an eight 
(8) hour rate of discharge at seventv (70) de&^rees Fahr. 

3. Batteries having a large nimiber of cells, such as 
at interlocking plants, shall be provided with sub- 
stantial wood racks to support them. These racks shall 
preferably be made of long-leaf yellow pine with non- 
corrosive fastenings, and thoroughly protected by at 
least two (2) coats of acid-proof pamt. Cells shall be 
arranged transverselv, and the layouts be such that 
each cell is accessible for inspection and provide suf- 
ficient head room over each cell to remove the element 
without moving the lar. 

4. Each jar shall be set in a tray which has been 
evenly filled with fine dry bar sand, the trays resting on 
suitable insulators. 

5. When placing the positive and negative groups 
into the jars see that the direction of the lug is rela- 
tively the same in each case, so that a positive lug of 
one (1) cell adjoins and is connected to a negative lug of 
the next cell throughout the battery, thereby giving 
proper polarity, providinjg a positive lug at one free end 
and a negative at the other. 

6. Before bolting the battery lugs together, they 
shoiild be well scraped at the point of contact, to insure 
good conductivity and low resistance in the circuit. The 
connector studs should be covered with vaseline before 
screwing up, and all connections covered with vaseline 
or suitable paint. 

7. Before putting electrolyte in the battery the cir- 
cuits connecting same with the charging source must be 
completed, care being taken to have the positive pole of 
the charging source connected with the positive end of 
the battery and the negative poles. The electrolyte 
should cover the top of plates by one-half (%) inch. 

Electrolyte 

(a) The electrolyte must be free from impuritiea «.wsl 
meet the testa prescribed by the B.a\lwa.y ^VgciaX ksgao^o^^'c^' 
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3. iNiTLOi Charge 

(a) The initial charge must follow the Manufacturer's 
instructions. The charge should be started promptly as 
soon as all the cells are nlled with electrolyte, and all con- 
nections made, usually at the normal rate, and continued 
at the same rate until both the specific gravity and voltage 
show no rise over a period of ten (10) hours, and gas is 
being freely given on from all the plates. The positive 
plates will sometimes gas before the negatives. Gen- 
erally, to meet these conditions, from forty-five (45) to 
fifty-five (55) hours continuous charging at the normal 
rate will be required; and if the rate is less, the time 
required will be proportionately increased. In case the 
charge is interrupted, particularly during its earlier stages, 
or if it is not started as soon as the electrolyte is in the 
cells, the total charge reciuired (in ampere hours) will be 
greater than if the clmree is continued and is started at once. 

(6) As a guide in following the progress of the charge, 
readings should be regularlv taken and recorded. Tne 
gassing should also be watched, and if anv cells are not 
gassing as much as the adjoining cells, they should be 
carefully examined and the cause of the trouble removed. 
The temperature of the electrolsrte should be closely 
watched, and if it approaches one hundred (100) degrees 
Fahr. the charging rate must be reduced or the charge 
temporarily stopped until the temperature lowers. 

(c) The specific gravity will fall after the electrolyte is 
added to tne cells, and will then graduallv rise as the 
charge progresses, until it is up to 1.210 or tnereabout. 

(d) The voltage of each cell at the end of the charge 
will have risen to its maximum and usually will be be- 
tween two and five-tenths (2.5) and two and seven-tenths 
(2.7) volts. 

(e) If the specific gravity of any of the cells at the com- 
pletion of the charge is below 1.205, or above 1.215, allow- 
ance being made for the temperature correction, it should 
be adjusted to within these limits, by removing and adding 
electrolyte if the specific gravity is low, and adding chemi- 
cally pure water if the specific gravity is high, to again 
bring the surface at the proper height above the top of 
the plates. It is of the utmost importance that the 
initial charge be complete in every respect. 

(/) In case of batteries charging from primary cells, if 
possible, the initial charge should be given at a place 
where direct current is available of sufficient voltage to 
complete the charge at the normal rate, the cells being 
then transferred to their permanent position. 

4. Two-plate Cells 

The general method of installation is the same as the 
above with the following exceptioiis*. 'Ea.Q^a. o.^ ^totsfcaiivs 
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one pojdtive and one negative plate, the positive of one 
cdl beuig solidly connected bv a lead strap to the nega- 
tive plate of the adjoining cell, and consequently no con- 
necton are requirea. At the ends of eacn row there is 
one (1) free positive plate and one (1) free negative plate 
reepectively, which constitute the positive and negative 
> tenmnals of that row. Connections to these terminals are 
made with bolt connectors. 

5. Large Capacity Cells 

(a) Batteries of a greater capacity than four hundred 
(400) ampere hours shall be placed in wood tanks and shall 
be covert by special specifications. 

(&) Where tanks are used, it is customary to support 
them on a double tier of glass insulators. 

(e) Plates are shipped separately and assembled one at 
a time in the tank and burned solidly to a heavy lead bus 
bar by means of a hydrogen fiame. It is recommended 
that when installations of this kind are required that 
^1 battery Manufacturers install the battery in accordance 

g , with their standard practice. 

I. 

y 

*i R. S. A. INSTRUCTIONS FOR OPERATION OF LEAD 

^ TYPE STORAGE BATTERIES AT INTER- 

is LOCKING PLANTS (1909) 

le 1. Battery 

batteries ; cells each ; type ; number of 

je plates per cell normal charging rate amperes. 

^v batteries; cells each; type ; numoer of 

^ plates per cell normal charging rate amperes. 

hi 2. Pilot Cell 

f- In each battery, select a readily accessible cell, to be 

d used in following the daily operation of the battery, by 

g taking specific gravity readmgs of the electrolyte, as 

-j given below. Keep the level of the electrolyte of this cell 

I ■ at a fixed height, one-half (%) inch above the top of the 

'I plates, by adding a small quantity of chemically pure 
water each day; this is extremely important. 

3. Charging 

(a) When to charge, 

1. As a general rule; do not charge until the specific 
sravity of the pilot cell has fallen at least ten (10) points 
below the preceding overcharge maximum, the battery 
being then about one-third (^) discharged. 

2. In any case, charge as soon as possible after reach- 
ing either of the limits given below uivdec *' \>SsK^>Qax^^s^V 
or if for any reason a heavy discharge \a ex^Qii^X;^. 



^> 
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(b) Regular charge. 

1. Charge at normal rate of amperes, or as 

near as possible, and continue until the specific gravity of 
the pilot cell has risen to three (8) points below the maxi- 
mum reached on the preceding overchso^e, when the 
CHARQB SHOULD BE STOPPED: for example, if the maxi- 
mum specific gravity on the overcharge is 1.207, the spe- 
cific gravity reached on regular charge should be 1.204. 

2. The cells should all be gassing moderatdy. 

(c) Overcharge, 

1. Once every two (2) weeks, on 

prolong the regular chiu^e until fifteen (15) minute read- 
mgs of the specific gravity of the pilot cell and of the 
battery voltage, taken from the time the cells commence 
to g^s show no rise on five (5) successive readings, thus 
havingbeen at a maximum for one hour. 

2. when the above method of overcharge is not prac- 
ticable, the overcharge may be given every sixth ensure, 
provided the battei*y receives an overcharge at least once 
every month. If in following this method, i. e., where 
the overcharge is given at intervals longer than two (2) 
weeks and not less frequently than once a month, the 
regular charge should be prolonged until one-half (%) 
hour readings of the specific gravity of the pilot cell and 
of the battery voltage, taken ffom the time the cells begin 
to gas, show no rise on seven (7) successive readings, thus 
having been at the maximum for three (3) hours. 

3. The cells should all be gassing freelv. 

4. The overcharge should be given whether the bat- 
tery has been in regular use or not. 

(d) Charging in series. 
If two (2) or more batteries are charged together, in . 

series, care should be taken that each battery is cut out ' 
when fully charged ; in other words, if one of the batteries 
discharges less than the other it should not receive the 
same charge. 

4. Discharging 

(a) Never allow the specific gravity of the pilot cell to 
fall more than about thirty (30) points below the preceding 
overcharge maximum. As a rule, do not allow specific 
gravity to fall more than twenty (20) points. 

(6) Never allow the voltage to go below one and 

EIGHTY-FIVE ONE-HUNDREDTHS (1.85) VOLTS PER CELL 

when discharging at the normal rate ( amperes). 

If the rate of discharge is less than the normal rate, the 
voltage should not be allowed to go so low. 

Limiting voltage cells volts. 

Limiting voltage ceWa nc^W,^. 

^ (tr) Never allow the battery to staxvOi \tl 2. compVeXA-^ 
discharged condition. 
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;. Readings 

(a) Read and record the specific gnivity of the pilot cell 
and battery voltage lust before stilting and ending every 
eharse, together witn the temperature of the electrolyte. 

(h) To properly compare the specific gravity readings, 
thev should be correctea to standcu'd temperature (seventy 
(70) degrees Fahr.) by adding one (1) point for every 
three (3) degrees above, and subtracting one (1) point for 
everv three (3) degrees below standard temperature. 

(e) Once every two (2) weeks, after the end of the 
charge preceding the overcharge, read and record the 
gravity of each cell in the battery. 

;. Inspection 

(a) Carefull^r inspect each cell on the day before the 
overcharge, usin^ a lamp on an extension cord for the 
purpose. Examme between the plates and hanging lugs 
to make sure that they are not touching, and also make a 
careful note of any peculiarity in color, etc., of the plates. 

(6) Use a strip of wood or hard rubber in removing 
short circuits. Never use bietal. 

(c) Toward end of the charge preceding the overcharge, 
note any irregularity of gassing; cells gassing slowly 
should be investigated. 

'. Indications of Trouble 

(o) Falling off in specific gravity or voltage 
relative to the rest of the cells. 

(b) Lack of or slower gassing on overcharge, as 
compared with adjoining cells. 

(c) Color of plates markedly lighter or darker than 
in adjoining cells, except that sides of plates facing glass 
may vary considerably. 

(d) In case of any of the above symptoms being foimd, 
examine carefully for cause, and remove at once. 

(e) Report trouble of any description at once to 

. Broken Jars 

If a jar should break, and there is no other to take its 
place, so that the plates will have to remain out of serv- 
ice for some time, keep the negatives covered with water 
and allow the positives to dry. Connect into circuit again 
just before a charge, so that the plates will receive the 
benefit of the charge. 

. Other Important Points 

(o) Plates must always be kept COVEKESD -^Yra.'EUEcrwi- 

LYTE, 

(b) Use only chemically PUKE WkTE»., v^^ewiJ^ ^asr- 
tilJed, to replace evaporation. 



(c) Never add electrolyte except under the condi- 
. tioQS explained above. 

(d) Never allow the sediment to get to the bottom o£ 
the plates; remove gediment when the clearance has 
leached one-half ('/v) inch. 

(e) Veintilatb the room freely, especially when charging. 
(/) Never bring an exposed flame near the battery 

when charging. 

(0) Never AUflW mbtais or impuhitieb of any kind to 
get into the cella: if this happens, remove and wash the 
plates and renew the electrolyte. 

(ft) Fill out the report sheets regularly. 

(i) Read the general iN3TRUcrioN3 carefully. 



REQUIRED CA PACrrr OF STOR AOB B ATTgRnS 

USED WITH .0. B. S.. ELECTRIC 

INTERtOCEINa 

A itonM ImXbary at tSef-bn to Wa-moTva colls, having 
«n uproaiiHtte potantfaa oTllO T(to, la uaed In cotmectdon 
with G. S. 8. d«eMe Imtalockiiv instalhtloiu. Thereqalred 
ampere hour capadty Is dependent on a numter of variables, 
viz: the number of days between charges, frequency of lever 
movements, amount of current required for lighting, for cut- 
outs, indicators, annundators, etc., and the number of days 
of reserve power desired. 

A separate low voltage battery is generally installed when 
there are a number of locka, indicators, relays, etc., required 
at the plant, as this type of device is more efficient and can 
have a more rug^ magnet winding when deugned for opera- 
tion on a potential of 10 or 20 volts ; furthermore, there are 
certain wety features which can be secured in connection 
with this low voltage control. The capacity of such a low 
voltage battery is determined in the same manner as the high 
voltage battery, as given hereafter. 

The following instructions will enable the determination, 
with reasonable accuracy, of the ampra^ hour capacity of the 
battery required for use with a G. R. S. electric interlocking 

Ahferb Houk Capactty RsQuiiiEa) for Operation of 

FuNcnoNS (See also table on page 158.) 
The ampere hour capacity reouired for the operation of 
functions is obtained by multiplying the number of lever 
movements per day by the number o£ days between chaises 
and by a "Function Ctmstant." This constant, to be obtained 
inr refereaoe to table on page 16Ei, is influenced mainly by two 
tbings: the average length of time ibat ng^lu «xe \v&& S:& 
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tlie proceed position and the ratio of the number of dgnal 
mavemeata to switch movements. In the absence of dennite 
infonnation on these points it is suggested that the constant 
.006 be used as rquresentins a foir average condition. This 
constant is shown underlined in the table. 

Bv reference to the table of Function Constants it can be 
easier seen that it is advisable to keep down the length of 
time signals are held in the proceed position, a glance indicat- 
ing that the battery capacity will run up very rapidly as the 
time of holding signals at proceed increases. In this connec- 
tion it may be stated that there have been cases where a much 
smaller size battery has been permitted due to the saving in 



TABLE OF FUNCTION CONSTANTS 



Aycraga Length of Time Slgiutls are 
Minutes 


Ratio of Signal to Switch Movements 1 


1-2 


1-3 


1-4 


1-5 


2 

3 

5 

10 

15 

30 


.006 
.007 
.010 
.016 
.022 
.041 


.005 
.006 
.008 
.013 
.017 
.032 


.005 
.006 
.007 
.011 
.015 
.026 


.005 
.006 
.007 
.010 
.013 
.023 



hold clear current, this being effected by the installation of 
annimciators, which by suitably indicating the approach of 
a train reduces the len^h of time of holding the signals at 
proceed. Furthermore, it is interesting to note that the saving 
effected by the installation of this smaller battery may more 
than balance the cost of such annunciator installation. 



Ampere Hours Required for Operatino 
Switchboard Cut-Outs 

In every G. R. S. electric interlocking plant one or more 
drcidt breaker cut-outs are required for cross protection pur- 
poses. The capacity required for cut-outs is obtained It* 
multiplying the number of cut-outs by nine-tenths and by 
the numb^ of days between charges. A discussion as to the 
number of cut-outs to be employed to suitably sectionalize a 
plant is given on page 93. 

Ampere Hours Required for Electric Lighting 

(See page 127.) 

When the signals at an interlocking plant are to be lighted 
by electricity, the interlocking batte^r is generally held as a 
reserve against the failure of the normal wraxe.^ o1 ^^-^^^ 
The Dumber of days which the battery may \ie caSVw^M^^"^^*^ 



16$ 



OmftAL BAILWAT fffHAT' OQHPAHY 



kBgtfa' of t iM> y pp Attd to Kpdr mmr ^dga y m mi of tiM 
tt pwitaMi BOCTMJly fonUins iMpw 10 :tte lightiiiB intattA 
Im anmiUft lioiir tiipmatf^^wmkittmt' bo pcovidoa for tko 
Usbting IS, thonConL <kUiflilii od by misMpfybag tho anmwe 
boun per rfgnol pat doy. by^ tbo mmuMr of: iqpaalft to bo lii^DlBd 
o ndtao manbo r of 6ajw vpmKtim.wtich may bo l o qufc wd 
boliraoB ohofging yloda. 

TABU or JOtFKOB HOtTBS Ftttt'DAT I1SB BlQJfAL. 110 VOCir 
OABBON VnJkKBin^Bm^-^tWOI^XJiaSFBnBIQKAlN 



OndltFOwv 
porBiilb 


■-_ 




1 


■m DAT 1 


12 


^' 


14 


Aippw How 


AiBLp&n Bow 


JUmNTOHiOW 


2 

4 


2.18 
4.8e 


2.36 
4.72 


2.55 
5.09 



Noa. — VahUB apimwrimatt 



Ampesrb Hours Reqttibed fob Miscellaneous 

Purposes 

When a\udliary devices, such as indicators, locks, etc., are 
operated from the interlocking battery, the ctnrent taken for 
tnis purpose must be included in figuring the capacity of the 
battenr. The current required by these devices can be secured 
by reference to tables on pages 265 to 269. The capacity of 
battery required for this purpose is obtained by midtiplying the 
current taken by said auxiliary devices by the average number 
of hours such apparatus is enerj^zed per day, and by the num- 
ber of days between charges. 

Reserve Ampere Hours 

Under normal operating conditions the battery should not 
be fully discharged on account of the fact that charging cur- 
rent may not be always instantly available when wanted, in 
which case the time would surely come when the plant would 
be without means of operation. It is, therefore, necessary to 
have the battery of sucn size that at the usual time of charging 
there will be a certain number of ampere hours capacity left 
in the battery as a reserve. 

The R. S. A. recommends that imder normal conditions the 

battery never be discharged bevond two-thirds of its total 

capacity; stated in otho* words, this means that 50 per 

cent must he added to the capacity computed when instalhng 

the battery in accordance with B.. ^. X. «pQGa&i(Sd\Nn<cA. "VL \3Dft 
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attery is to be charged at intervals of a week this will give 
reserve of three and one-half days, and if at intervals of 
wo weeks the reserve will be for seven days. When a com- 
lerdal source of power is available, this in all probability 
rill give more reserve than would be necessary. On the 
ther iiand, if the charging source is not so reliable, the capacity 
f the battery may have to be increased. For instance, the 
barging of the batteries at an isolated plant may be dependent 
pon a gasoline engine, the failure of which mignt take several 
ays for repairs due to time spent in securing repair parts, etc. 
Q such a case when the charging is done at intervals of a 
reek, it would, perhaps, be necessary to have a reserve suf- 
cient for a full week's operation, this requiring that the 
Dmputed capacity of the oattery be incresused by 100 per 
ent. 

Based on the above, it is recommended as good practice that 
lie battery provide for a minimum reserve of 50 per cent, 
nd that, if local conctitions require it, an additional amount 
f reserve be added as outlined above. 

Method op Tabulation 

When determining the capacity of a batterjr the different 
;ems may be tabulated as shown below; in wnich — 

L stands for "lever movements per day." 

C stands for "function constant." 

D stands for "days operated between charges." 

N stands for "number of units operated." 

AH stands for "ampere hours per day per signal." 

A stands for * * amperes. * ' 

H stands for "hours energized per day." 

tmctions LxCxD = ampere hours 

ut-Outs %o X H X D =* ampere hours 

ighting Signals AH x N x D =* ampere hours 

.uxiliary Apparatus . . . . A x H x N x D = a mpere hours 

otal of above = ampere hours 

.eserve to be added = a mpere hours 

otal capacity of Battery » ampere hours 

When the Number of Lever Movements 

IS Not Known 

When it is not possible to ascertain the number of lever 
movements to be made in a given plant, the ampere hour 
ipacity of battery required for the operation of functions 
id for cut-outs can be secured from the following table; 
lese figures include sufficient reserve to care lot OT^cciadx^ 
mdidons. 



GENBRAL KAILWAY SIGNAL <X>UPANY 



BUS of UumHH 


BlxotButar 


8 to 191e™» 


40 impere hour battBiy 


leto 821aTen 


eo unp«re hour battery 




80 ampeto hour battery 


48 to SSlsven 


120 ampere hour battery 


8S to 128 levem 


190 ampere hour battery 


128 to 168 LerBn 


200 ampere hour battery 



The table u baaed on past experience and la considered rea- 
sonably correct for moderate size machines, the batt«ry sizes, 
if anything, being somewhat high. The table is not extended 
for inaehinea larger than 168 leveis, aa with such plants it ia 
believed that special study of lever movements should be 
made in the determination of the battery fdze. 

If the signals are to be lighted and auxiliary apparatus 
operated from the interlocking battery, an additional number 
of ampere hours must be added to the figures in the table, 
the calculation being made in accordance with the preceding 
paragraphs dealing with the capacity required for electric 
lightmg and for Riiscellaneous purposes. 
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G. R. S. BATTERY CHARGING SWITCH 



The battery chsu^ng awitch illustrated by Fig. 108 provides 
S simple and efGcient means for connecting storage batteri^ 
in Benea with charging and discharge lines, permitting the 
batteries to he switched off or on to the line without opening 
ibs charing circuit. 

' During the manipulation of the Hwitch, short circuiting of 
'>Oie battery is avoided by automatically inserting a resistance 
during the interval that the battery would otherwiae be o~ 




afaort circuit, which reaiBtance ia again cut out as soon as that 
point is passipd. 
Manipulation of the switch is simple, the four different 



2 — Battery A disctaargiiig, Battery B open. 
8 — Battery B disctaar^ng. Battery A open. 
4 — Battay B dischar^ng. Battery A chargii^. 
The charging switch is compact and substantial m design 
uid BO arrangai to {lermit ot easy inspection. The eomrau- 
'•igh d^ree of insulation. The contact 



Ciee and fingera are large, Ming designed to take care of the 
vy currant necessary m this kind of work without heating. 
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DIRECT CURRENT GENERATORS 

Genebal Dbscriftion of Charging Apparatus 

DIRECT current generators of the shunt wound type 
ordinarily used for storage battery charging. 1 
capacities of the generators used in connection with 
G. R. S. electric interlocking i^Btem run from 1 to 8 K. ^ 
as shown in the table on page 159, the current being delive 
at a potential ranging from 110 to 160 volts. 

Where commercial power is available, it is preferable 
use a direct connected motor for operating the charging g 
erator. Where such power is not available, a ^soline eng 
is generally employ^ed to drive the generator, either by mes 
of Delting or by being directly connected to the generator. 

The c&r^injg is generally controlled through the medium 
a power switchboard equipped with a no-load, reverse-curr 
circuit breaker, which opens the charging circuit if the ger 
ator voltage drops below that of the batteries, thus prevent 
the generator from nmning as a motor on current delivei 
by the batteries. 

A simplified charging circuit is shown by Fig. 110. In t 
circuit the generator is assumed connected for right-hs 
rotation; to secure left-hand rotation the field connect 
should be reversed. 

Setting up the Machine 

The generator should be located in a room which is as < 
and clean as possible: a room which is hot and dusty sho 
be avoided, particularly if the dirt is of a gritty character, 
it is apt to injure the commutator and bearings of the machi 

The machine should be in plain sight and have sufficit 
room on all sides for easy access, care being taken that th 
is sufficient room to permit taking out the armature. 

If the flooring of the power house is firm, the generator 
motor generator set may be mounted on a wood block th 
or four inches thick, screwed to the flooring ; if the floor c( 
struction will not permit this, a concrete foundation shoi 
be installed. 

When Starting Generator for the First Time 

Before starting the machine for the first time, make si 
that the main switch and circuit breaker are open (Fig. 11 
Raise the brushes from contact with the commutator a 
examine them to see if they are in proper condition. ] 
the bearings with oil. Make sure that the armature and fi 
coils of the generator have not become wet during shipmj 
or while being stored ; if any sign of dampness is noted tl 
should be dried out, following the instructions on page 165 
Hun the generator light for a tme> iiotm^ whether the 
n'ng^s are working properly, and \i t\ve ^etv^T^Xox \^\i^\, ^tvn 
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note whether the machine is so lined up that the belt runs 
central on the pulleys and the armature plays freelv back and 
forth between its bearings. At no-load the speed of the gener- 
tar should be slightly meh, so that at full-load it will come 
down to approximately that indicated on the name plate. 

After nuiking sure that the commutator brushes are still 
raiaed, cut the rheostat fully ''in" and then close the main 
switch and the circuit breaker (Fig. 110). Cut the rheostat 
"out" gradually and then ''in" aj^iUt aiter which the main 
switch should be again opened. This procedure causes cur- 
rent to flow through the generator nelds and insures the 
fidd coils having a proper residual magnetism. Replace the 
brushes on the commutator and shift the brush holder, if 
necessary, to bring the brushes to the "neutral" position. 
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Fio. 110. Simplified Charging Cibcuit 

After the machine is running and has built up, the brushes 
should be rocked backward and forward until the point 
of minimum sparking is found. When the machine is run- 
ning imder load this should be again checked and the position 
of the brushes shifted again if necessary; lock and leave 
brushes in this position. 

To Start the Charge 

^ See that the main switch and circuit breaker are open, and 
that the rheostat resistance is all cut "in." 



0- 



Get the generator up to speed and make sure that the 
brushes are in proper position and that the oiling rings are 
working properly. 

See tmit the belt has the proper tension ; that is, it should 
be as loose as possible and yet not slip or tend to run off the 
pulley with load on. 

Cut the rheostat resistance "out" until the voltage is a 
little higher than that of the battery, being sure t£A.t. 1V<^ 
voltmeter needle defiecta in the same dVtecWoTL lot \i<2fOa. 
g&iemtor and battery (see switch l^o. % Y\^. W%^. ^\s» 
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latter insures that the positive terminal of the generator will ^ 
be connected to the positive pole of the battery. p 

Close the main switch and circuit breaker and adjust the * 
rheostat until the proper amount of current is flowm^ into P 
the battery, also adjust the brushes if necessary for minimum 
sparking. It will oe necessary to change the adjustment of jB 
tne rheostat occasionally as the battery charging increases, in ^ 
order to maintain the current at the proper amount. '^ 

To Shut Down 

To shut down, lower the voltage by cutting **in " the rheostat '? 
until the circuit breaker on the switchboard opens of itself ^ 
and then stop the engine. If no circuit breaker is provided, 
wait until the current is practically at zero before opening the 
main switch on the battery. After the machine has stopped, 
relieve the tension on the belt so as to prevent it from stretch- 
ing during such time as the machine is standing idle. 

General Instructions 

It is hardly possible to give detailed and complete instruc- 
tions in these pages for locating all the troubles which may 
arise in the use of such apparatus. The type of machine 
used for charging storage batteries is so simple, however, that 
by adhering to the following general instructions, it is believed 
that satisfactory operation of the machine will be obtained. 

The generator snould be kept perfectly clean and dry and 
should not be unnecessarily exposed to dust. This can best 
be accomplished by throwing a waterproof covering over the 
machine when not in use. 

Do not overload the machine. To load the machine beyond 
the capacity indicated on its name-plate is never conducive 
to best operation, this being the frequent cause of over- 
heating in the machine, sparking at the commutator, or other 
troubles. 

Overheating the generator may be readily detected by 
applying the hand to the various parts of the machine; in 
general a temperature that cannot be borne by the hand is to i 
be considered excessive. An odor of burning varnish is indi- ^ 
cative of serious overheating, and a machine which shows this i 
svmptom should have the load removed at once; rotation of ' 
the armature may be continued with the fields de-energized ' 
for the purpose of cooling the machine. ' 

The bearings should be kept thoroughly lubricated with ' 
the best grade of lubricating oil. While the machine is run- i 
ning, care should be taken from time to time to see that the 
oiling rings are working correctly. I 

Particular attention should be given to the commutator 

and brushes to see that the former keeps perfectly smooth 

and that the latter are in perfect adjustment. The commuta- 

tor should assume a dark Drown, glossy appearance, if proper 

brushes are used and are kept trom s^^xVoii^, ^xA \1 the v 
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capacity of the machine as indicated on the name plate is not 
exceeded. The condition of the commutator and brushes may 
be regarded as the best barometer of the condition of the 
generator. 

The free use of lubricants on the commutator is not recom- 
mended. In cleaning the commutator a tightly woven cloth 
(firee from lint) or chamois skin, should be used and the 
commutator then wiped with a rag which has a littie vaseline 
on it. 

To fit the brushes to the commutator draw No. 00 sand- 
paper imder them, smooth side to the commutator, as shown 
m r4g. Ill, the brushes to bear on the sandpaper only when 



HANDLE 




COMMITTATOR 
Fio. 111. Method of Fitting Bbubheb to Ck>MMT7TATos 

it is being drawn in the direction in which the surface of the 
commutator will run when the machine is in operation. After 
the brush is shaped to the commutator finish up with No. 
sandpaper and then carefully clean the commutator and 
brushes of all particles of dust or grit. 

Hie brushes shipped with the machine are ordinarily best 
adapted to the work and other brushes are liable to cause 
trouble. A little oil may be applied to the brushes should 
they become dry and noisy. 

If the armature or field coils of the generator shoidd become 
wet, they should be thoroughly dried out before running the 
machine under load as the moisture is liable to damage the 
windings. The coils of the machine may be dried out by 
baking in an oven at a temperature of 240 degrees Fahr. 
for several hours, or if an oven is not avsdlable thev ma^ 
b^ dried out by placing near the fire. Another metnod is 
to run the generator for several hours mthout eL^cs^^vsi!^ ^^^i^ 
fidd. 
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One of tb» <M)ffniilfcim traiiblai vliieh oeeun in the oiMnttlDg 
of jpnemtoiri te tiift fyhira of fh« iin^^ lUi 

IdEiria nay b« geDflmllj attribufeed to one of the ndlowing 

• ■■..,■■■ 

,1* Opon wcult diiB tcj.a lirokiBo wto^ fatiltsr oomioc* 
tioii% ImuliM v^p huB 1iIow&« d|Mii' ■wfteh» ate. 

2. RovwumI eomioctloiia in fMd eteiiit or TovwBod 
diraetion of Totatioiiv . . 

8. Bii iwriva rerirtuiee doe to poor broah contact 
Bruah oontaeta often haya aa eseenlTely big^ rariatanee 
wbeB ganarator la flrat atartad, and a momanauy xmasure 
of tlia ilnipeni on tlia faniah or bmahaa may enaUa the 
maehina to bufldm. 

4. WoaV| daairoyad or iBwaad raddual magnetlain. 
To natora raridual niagnotiaDi aond cunrant from iiatteiy 
tbroufl^ tfao fldda in tfao vropar diraetion. 

5. wuahea not in tbefr proper poaition. 

6. Short circuit in the maftHine or in the external 
circuit. 



R. S. A. SPECIFIGATIOIW FOR ELECTRIC 

GENERATOR (1910) 
1. Material 

(a) The g^enerator shall be shunt wound, self-excited, shall 
have self-oiling bearings, carbon brushes, rheostat, and 
when belt connected, a Selt tightener, sub-l^u3e, and puUey. 

(&) The normal or rated speed shall not exceed fifteen 
himdred (1500) r. p. m. except when direct connected to an 
a. c. motor or steam turbine. 

(c) The generator shall have a continuous current 

capacitv eq^ to the eight (8) hour rate ( 

ampere) of the battery, at a voltage equal to the maximum 

voltage ( volts) of the battery on ch^e, 

without a riae in temperature in anv part exceedmg 
seventy-two (72) degrees Fahr. (40^ C; above the tem- 
perature of the surrounding atmosphme. 

(d) It shall be so wound that its voltage at the con- 
tinuous current rating given above, majr be varied by 
means of a field rheostat between the mmimum and the 
maximum charging voltage of the battery. 

(e) The generator dialTbe capable of supplying for four 
(4) hours a current output twenty-five (25) per cent, in 
excess of the conthiuous current capacity referred to in 
above without a rise in temp^^ture in any part exceeding 
ninety (90) degrees Fahr. (50® C.) above the temperature 
of the surroimcung atmosphere. 

(/) It 18 understood that the temperature of the sur- 
rounding atmosphere is to be baaed on «firr«!it^-«fiN^TL ^1\ 
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degrees F^hr. (26® C), but should the temperature varv 
from this, corrections shaU be made in accordance witn 
the recommendations of the American Institute of Elec- 
trical Engineers. 

(g) The current output of the minimum allowable gen- 
erator shall be that required for the operation of two (2) 
switches simultaneously. 

Qi) With the brushes in a fixed position, the generator 
shall be practically sparkless imder all operating condi- 
tions, as outlined above. 

(<) These generator specifications describe a machine 
which, in normal power mterlocking service, will have an 
ample overload capacity to meet general requirements. 
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GASOLINE ENGINES 

General Description 

y^ASOLINE engines, used in the chareing of moderate 



It sized storage batter 
^"^ cylinder four cycle tjTie, 

" ■'■' ' ' " olt" o 



lareini, 
generally of the single 
_ , ster cooled and equipped 

!with the "Make and Break electric ignition. The vertical 
type engine is lubricated by the crank dipping into an oil 
Irath in the base of the crank case; oil and grease cups 
■re further provided tor lubricating parts not so cared 
Tor. 
The operation of the engine is maintaiaed at a constant speed 
by either regulating the mixture of gasoline vapor or by 
yarying the number of power impulBea as soon aa a certain 




Cooled bt RcKHnra 



apeed ia exceeded; the ^igines ao controlled are known as the 
Throttling Governor" or the "Hit and Uisa" types, respect- 
In a common type of engine used for this work, a pump 
supplies ^oline to a reservoir, an overflow pipe being con- 
nected with the reservoir to maintain the gasoline at a uniform 
height. At the proper time in the cycle of operation, the 
engine piston bucks air through the air inlet passage and at 
such a velocity that gasoline is picked up from the reservoir 
and drawn through an adjustable nozzle into the cylinder 
iead, the gasoline mixing with the air to form the required 
ezploavo vapor. 
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Location of Engine 

In locating the engine, at least two feet should be left on 
all sides of engine for convenience in starting and for having 
siufl^ent room to make necessary adjustment and repairs. 

The gravity system of circulation is generally usea for the 
cooling water. With this system, the tank for the cooling 
water is generally placed on the floor, as shown in Fie. 114 ; best 
results are seciu*ed, however, by having the tame elevated 
enough to bring the bottom above the lower water opening on 
the engine cylmder. Connections should be as shown, uaze 
enough piping being used to permit free circulation of the 
water. Valves F-F must be inserted in the pipe line to permit 
drawing off the water from engine in freezing weather without 
emptying the tank. 

The gasoline tank should be located outside of the building. 




FiQ. 116. Gasolinb Tank Location 



and with engines equipped with a gasoline pump, the tank 
should be pished at a lower level than the engine, so that when 
the engine is idle the gasoline will drain back into the tank. 
In making the connections between the gasoline tank and 
engine, care must be taken to wash out alTpipine and joints 
with gasoline to remove any loose matter or scsue ft*om the 
interior of such connections. 

To Start Engine 

See that engine is properly oiled and that water and gasoline 
valves are tiimed on. Pump gasoline into reservoir. Fill 
priming cock on head of cylinder; this may not be necessary 
in warm weather. Make sure that spark lever is in "retard 
or **late'* position, then close switch to ignition circuit. 

Turn engine fly-wheel in normal direction of rotation. 

After ignition occurs, remove starting CTanVL, «^.i^rwMi.^ «^«f^ 
lever to ^early" position and regulate tYie t\ao\>iXfe n^n^, ^^"^ 
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will be found that this last adjuatment varies with the tem- 
perature, requiring much coarser adjustment with cold weather 
than with warm. 

Load should not be thrown on the engine until after it is kl 
operation. 

To Stop Engine 

Close throttle valve and open switch on battery. It it is 
freezing weather, water should be drawn off from engine. 
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GASOLINE ENGINE TROUBLES 
Ignition Troubles 
Engine mieaeg or fails to start 
(a) Weakened Batteries. 
(6) Strong Batteries, but with (ollowing defects: 

1. Switch in "off" position. 

2. Insulation on wire worn, causing short circuit. 

3. Circuit open by broken or loose connections. 

4. "Make and Break" mechanism inoperative, due 
to broken spring, bearing stuck, etc. 

5. "Make and Break" mechanism contacts fouled. 

6. "Make and Break" adjustments incorrect. 

7. Broken down spark coil. 

CARBURETION DlPPICtlLTIES 

Engine misses or fails to slarl 

(a) Fuel Supply — tank and pipe line; 

1. Throttle valve closed. 

2. Tank empty. 

3. Tank vent stopped up. 

4. Gasoline pump moperative. 

5. Gasoline pipe plumed. 

6. Water in gasoHne. 

(b) Mixture too rich : 

1. ThrottJe vaJv^e adjustment incorreet. 

2. Air passage clogged. 
{e) Uixture too weak : 

1. Throttle valve adjtiatment incorrect. 
" ' valve partiall;" "" "" — 

e pipe leaky. 

Loss OF COUFRESSION 

Engitu mtssM, looses ■poteer, or fail* to etart 
Improper valve operation; 
1. Valves do not lift at proper time; due to loosening 
or stripping of gearing on cam or crank shafts. 

2. Valves fail to seat praporlv or too slow; due to 

weak spring. 
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3. Worn cam followers, cams, piush rods, etc. 
(Jb) Leak^ piston rings. 
(e) Priming valve open or leakjr. 

(d) Leak in cvlinder head packing. 

(e) Failure of lubricating ^stem (engine hot) : 

1. Oil valve shut off. 

2. No oil in oil cups. 

3. Oil drained out of crank case (vertical engine). 
(/) Failure of cooling system (engine hot) : 

1. Valve in water piping closed. 

2. No water in cooling tank. 

3. Water below normal level (gravity system of 

circulation). 

4. Water piping plugged. 

5. Pump out of order (forced circulation). 

Cannot Crank Engine 

(a) Engine heated due to failure of lubricating or cooling 

systems. 

(6) Crank or connecting rod bearing overheated or seized. 

(c) Piston overheated or seized. 

(d) Timing ^ears broken or jammed. 

(e) Connecting rod disconnected, broken or bent. 
(/) Crank shaft broken or bent. 

(g) Water in pump frozen (force system of water circu- 
lation). 

Mechanical Difficulties 
Engine misses, looses power, or fails to start 

(a) Externally apparent: 

1. Valve spring weakened or broken. 

2. Valve stem bent, broken, or gummed. 

3. Valves leaky (carbon on seats). 

4. Valve stem and cam-follower always in contact 

(no clearance). 

5. Muffler or exhaust pipe obstructed. 
(&) Internally apparent: 

1. Cylinaers or valves carbonized. 

2. Piston rings gummed or broken. 

3. Leaky piston rings, slots in Une. 

4. Cam head worn, shifted or broken. 

5. Piston head or cylinder wall cracked. 

6. Piston rings and cylinder wall scored. 

Loss OF Power Without Missing 

(a) Ignition system adjustments wrongly set. 

(6) Carbureter adjustments wrongly set. 

(c) Lubricating system operating imperfectly. 

(d) Cooling system operating imperfectly, 
(c) Poor valve operation. 

(/) Batteries weakened, giving poor spark. ^ 
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ig) Mechanical difficulties, such as worn valve connections, 

etc. 
Qi) Intake pipe leaky, 
(t) Muffler or exhaust obstructed. 
(/) Engine bearings overheated. 



EDITOR'S NOTE 

Above artides based an data fumiahed by Fairbanks-Morse & 
Company. 

R. S. A. SPECIFICATIONS FOR GASOLINE ENGINE 
WITH FUEL AND WATER TANKS (1910) 

1. Engine 

(a) The recommended brake horse power of the gasoline 
engine shall be not less than one and three-foiirths (1%) 
times the kilowatt capacity of the generator at the maxi- 
mum voltage and the eight (8) hour charging rate. 

(6) The engine shall run without injurious vibration and 
shall operate continuously at Manufacturer's specified 
capacity for a period of sixteen (16) hours without injurious 
heating in smy part. 

(c) Regulation in speed shall be within three (3) per 
cent, from no load to full load and the regulation as re- 
corded on the voltmeter for a given current shall not vary 
more than two (2) per cent, between impulses. 

(d) Electrodes on the engine for electric ignition shall be 
tipped with platinum or an equally serviceable material. 

(e) Manufacturer's standard exhaust muffler shall be 
provided. 

(/) Engine and accessories shall be acceptable by and 
installed under the rules of the National Board of Fire 
Underwriters and the attached requirements of local 
authorities. 

(gf) Engines of twenty-five (25) horse power or less shall 
not exceed a speed of four hundred (400) r. p. m. 

2. Tanks 

(a) Gasoline tank of gallons capacity shall 

be furnished. Fuel and cooling tanks shall be made of 
iron or steel with brazed or riveted seams. 

(6) Tanks shall be galvanized after they are put together. 

(c) For tanks either for fuel or water, selection shall be 
made, when practicable, from the following table : 

Gallons Inches In Inches In Gauge metal 

capacity diameter length Head Body 

66 18 68 14 16 



120 


24 


66 


12 


14 


300 


36 


120 


10 


12 



As a guide in ordering tanks, \t \a ^oo^ ^x^oXXc^ \.ci ^iww- I 
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aider that it will require one-tenth (Vio) of a gallon of gaso- 
line per horse power hour for gasoline engines. 

(ci) For cooling, the minimiun of free running water 
should be not less than ten (10) gallons per horse power 
hour, and for the circulation tank i^ystem not less than 
fif^ (50)gallons per horse power. 

(e) Sufi£*ient piping shall be furnished to locate the 
gasoline tank feet from the enfldne. 

(/) Unions in all piping shall be equipped with ground 
brass seats. 

(a) Unless otherwise specified, an iron or a steel cooling 
tank of sufficient capacity for a continuous run of ten (10) 
hours on one (1) fiuine, with connections and removable 
cover, shall be fumisned. Connections between engine 
and tank shall be arranged for convenient and complete 
drainage of the cooling system, for independent drainage 
of the engine and tank, and to conduct all waste water 
and steam to the outside of the building. 

(h) When engine is installed in same buildine with 
storage batteries outside air intake shall be provided. 
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INSTALLATION AND OPERATING DATA FOR 
ELECTRIC INTERLOCKING MACHINES 
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* COVERING INSTRUCTIONS FOR INSTAL- 

LATION AND MAINTENANCE; ALSO 
DATA FOR THE APPLICATION AND 

^ OPERATION OF LEVER LOCKS 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 ELECTRIC INTER- 
LOCKING MACHINE 

Shipment 

BEFORE shipment the interlocking machine is assembled 
complete in every detail and subjected to a rigid electric 
and mechanical test. It is then partly dicassembled, 
the levers, lever tappets and locking, the legs and lower tiers 
of locking plates (if furnished) being boxed separately ti'om 
the body of the machine. This latter is then divided into 
sections of approximately forty lever spaces and boxed 
on skids for shipment, before boxing, all machined parts 
are wiped dry and coated with vaseline to guard against the 
effects of rust during.transit. 

Storing 

Upon the receipt of the machine it should be stored in a 
dry place. If some time passes before the machine is set up 
and there is any chance of its different parts rusting, these 
parts should be wiped dry and recoated with vaseline. 

Installation 

The first step in the assembly of the machine is to bolt the 
sections to their supporting legs and the various sections to 
each other. The legs are numbered and the machine beds 
marked to correspond. Extreme care should be taken in 
shimming up imder the le^ to insure accurate alignment of 
the bed and an even distribution of the weight on the sup- 
porting legs. Failure to do this, especially in a large machine, 
is very likely to result in binding between the various parts of 
the mechamcal locking. 

The second and third tiers of locking plates, if used, should 
be assembled on the machine, care being taken to place the 
templet furnished for the purpose in the horizontal and vertical 
locking slots before doweiine the locking plates to their sup- 
port. Never file the screw holes when mounting these plates 
since this is not necessarv if the bed has its correct alignment. 
To permit of the plates being placed in the same location as 
when the machine was assembled in the factory, the second 
tier of plates are numbered 1, 2, 3, etc., from left to right, and 
the third tier lA, 2A, 3A, etc., also from left to right. 

The locking should then be assembled in the locking plates 
and the lever tappets placed in their proper positions. Each 
locking dog is stamped with the number of the tappet with 
which the dog is to engage and the locking bars with numbers 
to correspond with the slot in which they at^ \.o \ife ^^'c.^, 
these slots being numbered in sequence ftOTa ^i?Cife \.o^ ^^^ ^'^ 
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interlockiiis niachme, since the completed opentioQ of the 
various functioiui gives aaBurance as to the integrity of ail parts 
of tlicdr openitiiiE circuits. It is well, neverthelesa, to antici- 
pate the poBBibiSty of loose connections, etc., and at stated 
intervals to make inspections of the different connections, 




Fia. 138, MoDiL 2 Ukit Leteb Ttpi Ikteb 

EtJUIPPID WITB SpRINO CoiIBIHillOM BOiKD 

Tfoto loc&tioD of pol&riied relays, biUB bu? and Fubh. 

contacts and varioua mechanical parts on the interlocking 
machine to insure that all parts are Kept in the best condition. 
As mentioned above, the operator may assure himself as to 
the constant intepity of the cross protection by means of the 
almple tests described on pa^ 94. 
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INSTRUCTIONS FOR CUTTING AND TESTING 

NOTCHES FOR LEVERS CONTROLLED 

BY LEVER LOCKS 

WHERE lever locks are applied to machines before ship- 
ment from the factory, the notches are cut in tne 
levera as nearly right as possible, it being understood 
that before the machines are put into service on the ground 
the clearance will again be checked up by teat and the 
notches cut out further, if necessary, to give the proper clear- 
ance. This clearance should be at least equal to tnat indi- 
cated below when the lever in question ia locked by other 
levers through the medium of the tappet locking, and also 
when said lever is pulled or pushed hard in either direction 
to take up all lost motion, tf^ lever latch being lifted at the 

The lever should bo tested as above for clearance tor every 
combination that locks it. 

In making the teat for clearance, proceed as follows : 

With the lever full normal (Fig. 139), set up some one com- 
bination that locks it; lift lever Jock (A) by applying current, 
also the lever latch ^B), and pull the lever strongly toward the 
reverse position, as indicated by the arrow, thus taking up all 
lost motion, and then with a scriber mark this position of the 
lever. Then drop the lever lock by cutting off the current, 
release mechanical locking that is holding the lever, and again 
pull the lever toward the reverse position until it takes up 
a^inst the lever lock, and again mark the position of the lever 
with a scriber. The distance between tnese scriber marks . 
will then tell the clearance " D " existing. Repeat this process 
tor every combination that locks the lever in its normal por- 
tion, and if the clearance "D" thus found ia less than one- 
eighth inch, the notch in the lever is to be cut out further to 
give the proper clearance. 

Then with the lever full reverse (Fig. 140), set up some one 
combination that locks it ; lift lever lock (A) by applying cur- 
rent to it, also the lever latch CB), and push the lever strongly [ 
toward the normal position as indicated by the arrow, thus | 
taking up all lost motion, and then with a scriber mark this | 
position of the lever. Then drop the lever lock by cutting off i 
the current, release the mechanical locking that is holding the 
lever, and again push the lever toward the normal position until 
it takes up against the lever lock, and again mark the positioD 
of the lever with a scriber. The distance between the two 
scriber marks will then t«U the clearance "D" existing for the 
reverse position of the lever. Repeat this process for every 
combination that locks the lever m its reverse pocdtion, ^d 
a the minimum clearance "D" thus found is leas than three- 
sixteentba inch, the notch in the lever ia to be cut out furthtf 
to give the proper clearance. 
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Tests must also be made to determine that the clearance (C) 
is sufficient to permit the lock to drop into its notch when the 
lever is pushed as far normal as it is i>ossible to get it, or is 
pulled as far reverse as it is possible to pull it. This clearance 
^'C " can be checked by causing the lock plunger to be raised 



•LEVER LATCH B 

-riXCO STOP FOR LCVCA LATCH 'B' 

-LOOK m.UNOCRV 

-pixeo euiOE for lock plunbcaV 

j REVERSE NOTCH 




♦-TAPPET BAR 



Fio. 1^. NoTCHiNO OF Leteb fob Lever Lock. Normal Pobition 



LEVER LATCH B 

NORMAL NOTCH 
riXED STOP FOR LEVER LATCH 'B 




FIXED OUIOE FOR LOCK PLUN6ER A 
LOCK PLUNOER'A* 




FIXED OmOE FOR TAPPET BAR 
- TAPPET BAR 

Fzo. 140. NoTCHiKO OF Lever for Lever Lock. Reverse Position 



and lowered, bv making and breaking the circuit thus applying 
energy to the lock, and if the plimger drops into the notch it 
is known that the clearance is there. 

In cutting the notches see that the comers are left square 
and the surface that comes against the lock plunder is vertical^ 
so that there may be no tendency to toxce tn^\o^'^\^3aMiK8^ ^"^ 
hypuUing bard on the Jever. 
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I . Test each lock b^ putting on and taking off cuireat several 
, times to see that it works properly. If proper, its operation 
I iriU bs quick and sharp. 

I Interlocking levers should be tested periodically wben in 
I (BTvice. in accordance with above instructions, to see that 
i mfficient clearance exists between the lock plunger and the 
. notch in the lever. 

I It win be Huffleient if above inspection is made once a year. 
I When lever locks are applied to interlocking machines after 
they have been installed it is sometimes necessary to get 
additional clearance between the lock plunger and the levtf 
3. This is to prevent the plunger from sticking to the 
__ guides when the lock is energized. 

The lever guide should be marked and chipped when 
necessary, so that no part of the lever guide will oe closer to 
the plunger than one-eighth inch, 

Tne chipping should be done with a light hammer and a 
small cape chisel, and every precaution snould be taken to 
prevent the chips of iron from getting into the indication mag- 
net coils. 
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Fid. 141. Lbveb Lock rOK Model 2 



EHEROY DATA 


FOR LEVER LOCKS 


OPERATING ON 




DIRECT CURRENT 


Obnu 


un An>pg. 


VO,t. 


U.S 


360 


B.2 


8S 


238 


S 


75 


173 


13 


130 


133 


16 


260 


120 


30 


1400 


U 


S4 


ISOO 


63 


80 



Ncm. — Valua ciTSn in sbove tsbls an the Tninimiim on ohich Ihe lock 
ill opnutt. Add to per cent, for practical operation. Drop away cur- 
at equak 23 per eeat. of the minimum op*n>tia( ouirent. 



ENERGY DATA FOR LEVER LOCK3 OPEBATINO ON 
ALTERNATING CURRENT 


OhM. 


TYeqiieiuy 


Ve.U 


s.s 


ascydee 
90 cycle. 


28 
28 



Non. — Valueesiven in above table aie the minimiro oo.vUfitithA^Bn'L 
111 operate. Adil 10 per cent, for practical operatitm. Oiov viKVI -vOftM- 
rnaii SO per sent, of the minimurn opentinc -voWaib. 
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NSTALLATION AND OPERATING DATA FOR 

SWITCH MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, 
ENERGY FIGURES, CLEARANCES 
REQUIRED, DIMENSIONS, TIE 
FRAMINGS, STANDARD LAYOUTS, 
AND TYPICAL CIRCUITS; ALSO 
DATA ON DETECTOR BAR FIT- 
TINGS, SWITCH CIRCUIT CONTROL- 
LERS AND BRIDGE CIRCUIT 
CLOSERS 



[STRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 2 SWITCH MACHINE 
SroRiHa MECHANifiua 
ilAi mechanisnis and motors ihould be placed ruzht mde 
\ up on timbers to raiae them above the KTOund. Thepole 
CDangera Bhould be housed in a dry place. 

iNffTAUATION 

[n m^dng the installatioii, the first operation la the fnuning 
the ties. This should be in accordance with the plan 
>w& by Fig. 142. All alots cut into the ties should be care- 
ty deonea of dirt, chips, etc., b^ore the tie plate is put 
m and the gearing assembled. 

CJnlees special features are required, all holes in the tie plate 
I drilled before leaving the mct<ny, with the szccfition of 
Me for the toe and slide plates. These should be bo located 




Fm, 142. Tim FuAMoia tor Modei. 2 a-maa Itumnrfc 




Lock Cmok 

Throw Roil 
Lack H ■ 
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when the slide plates, toe plates, and rail braces are in 
:, the proper track gauge will be ri^dly maintained, 
e various parts of the switch machine, with the exception 
e locking plunger, should then be assembled. In placing 
aotor, care idiould be teiken to secure proper alignment oi 
onnection between the motor and mam gear, 
e throw and lock rods may be connected at this time and 
3ck plunger holes in the throw rod drilled. The lock rod, 
ver, shomd not be drilled imtil it is certain that the track 
ts final alignment and the rail braces have been fitted, 

insuring that there will be no change in the relative 
Ion of the switch points and switch mechanism. Special 
should be taken when marking the lock rod to see that the 
h points are brought tightly up against the stock rail, 
tnost accurate method of marking the rods is to withdraw 
ock plunger and to insert in its place a piece of steel 
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FiQ. 144 
Fields in Series. 



FiQ. 145 
Fields in Multiple. 



Wiring for Motors, Model 2 Switch Machine 

\g having an outside diameter of one inch, this tube 
I pointed so as to make a clear cut mark on the surface of 
od. After putting the machine in service, the top of the 
rod should oe notched slightly, as shown by Pi, P„ ?• and 
. Fig. 146, to permit of a quick inspection being made as 
I accurate adjustment. 

wiring the machine, suitable conduit should be installed 
otect the wires running between the trunking and motor, 
tjie motor and pole changer. 

Adjustments 

lore making any adjustments with the machine wired up, 
)rui^es should be raised from the motor armature, 
is necessary that the detector bar be disconnected while 
Bff adjustments 1 and 2. 

Flunger Connection, 
ith the machine placed in either extreme 'po^>3ioTL V^caX 
th stud F at either end of the stroke m cbxel cx^t^ '^ 
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Fio. 116. Poiji Chahobb UoTXifBHT L roB HoDU: 2 Switch I 

IlACBDni I 

Lock plnnnr I is bIuiwii k( sod o( Its tniT«I (nd not in poution corn- > 
■pondinc wlA that of UdIe R. i 

Then throw the switch to the other extreme podtion and . 
locate pin Qj in a Bimitar manner. When assemblii^ the I 
pins on the lock rod, drill, tap, and countra^nk the lock rod Bi 
shown in Fig. 148. 
8. Pole Changer Connection. 

Any lost motion between the pole changer movement L and 
the pole changer B must be equal at the full normal and fnll 
le position of the switch machine. To secure this, at^uBt 
innecting rod M with the switch machine in either of its 
IB positions. Test with the machine firstin the^fnll 
nunnaj position and then in th« tuft Tevi 



the connecting n 
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lling the rod M stronKly to determme the total distance 
HdUe to be moved. Repeat the adjuBtment until the 
result is obtained. This adjustment never variea In 
and it should not be changed after once being made 
ly. If it is not made correctly it ia vary liable to pre- 
le indication being given on the movement of the switch 
poaitioa where the greatest lost motion exists. 
Pole Changer CommiUalor. 

commutator T (Fig. 147) must revolve freely in ita 
;b, care being taken that the contact springs U|, IT, 
I do not have so much tension as to prevent spring V 
napping the commutator ovet. Adjust ao that with 
a lull normal or reverse, roller W and pin X are in the 




9 portions shown. The adjustment of the commutator 
e such that the snapping action will take place at such a 
lat the amount of movement in the contact blocks Zi 
which precedes the snapping action, will be equal for 
rmal or reverse movement. To be certain that this 
B obtained it will be necessary to move the mechanism 
)er of times by hand very alowiy. Failure to have the 
nent right will be almost certain to result in damage to 
nilating cylinder, due to arcing between the contact 
and the contact cylinder, and may prevent indication. 
»>ntact springs U, and U, are provided with slots which 
rmit the springB, when resting on the insulated portion 
x>mmutator, to be centrally located. 
■ the commutator adjustments tmve been cicnsvt>VAe&vsi& 
fl worked sufficiently to insure correct ac^oq, T«tv""> 



804 GEMERAL RAILWAY SICMAL 

one of the set screws from the collar Y, drill into the shaft I 
and replace the screw, running it down until it locks the com- ' 
mutator to its shaft; repeat this operation with the other , 
screw located in the collar. | 

, connei 
tJ, and Us, ue sure to see cnai wn 
full normal or full reverse positio 

rests on the metal cylinder does not carry c . 

be done by lifting it slightly; if a spark results it shows that | 
the contact springs should be intercfenged. j 

5. Throw Rod. ] 
The nuts on the throw rod must be placed so that the switch I 

points will be brought up against the stock rail snugly, but 
not screwed up far enough to put any unnecessary strain on the 
rod. Under normal conditions, with the throw rod adjusted | 
as above, a single switch or derail should permit of hand , 
operation (without the aid of a wrench or tommy bar) by 
turning the intermediate gear D^ If it is not possible to do 
this, steps should be taken to get the switch into this condition. 

6. Lock Rod. 

The drilling of the lock rod should be such that the lock 
plunger will enter either hole with the switch full normal or 
full reverse, but will be prevented from entering if a piece of 
metal one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

7. Deleclar Bar. 

To adjust the detector bar, place it in the desired position 
relative to the top of the rail and adjust the connection N to 
such a len^h that with the switch machine in either extreme 
position, pm O may be inserted without changing the position 
of either the detector bar or switch machine. 

8. CliUch. 

The nut on friction clutch C, by which the compression o( 
the spring is increased or diminished, should be locked in a 
position which will enable the motor to operate the switch 

under normal conditions, but will permit the clutch to slip if . 

there is an obstruction in the switch points. This is deW- | 

mined by starting with the nut unscrewed and gradually , 

tightening it up until the motor operates the switch without . 

any shppmg of the clutches, I 

Before any adjustments are made on the friction clutch, , 

separate the cones from the pinion and oil the clutch cones. ( 

Testing j 

The preferred method of testing the operation of the switch ) 
mechanism is to operate it by hand, making sure that the moUv 
brushes are raised before attempting to move the machine. 
This method should be employed as a Tegular practice. 

If it should become necesBaty to operate the switch I? 
power, the tests on the switch machine should be carried on 
under the protection ot tbe cipiX8.\i»% \«Net , Viusosra ^ba 
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eonditioiiB are such that the leverman can readily receive and 
act on signals giv^ him by the man on the ground. 

On the rare occasions when it is not practical to conduct 
the test imder the control of its lever, power ma^ be applied 
locally by taking both control wires off from theur respective 
]MtiidTy>g poets (for contact springs U4 and U^, Fig. 147) in the 
pole chsmger, and having first connected earing U, with a 
short piebe of wire to the open control contact spring (spring 
U4, Fig. 147), current mav be sent through the motor by plac- 
ing the energized control wire in connection with the other 
control contact spring (spring U5, Fiff. 147) ; with these con- 
nections the mechazusm will be brought to rest upon the com- 
pledkm of its movement without shock. Reverse these con- 
nections to secure operation in the opposite direction. 

After the machine is completely adjusted, safety requires 
that it should be operated n*om the interlocking station sev- 
eral times, making sure that with the lever in its normal posi- 



m-^Vik' n 
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Fio. 148. Drillino for Pins Qt and Qg in Lock Rod K 

tion the switch points will correspond with their position as 
shown on the track plan. 

Maintenance 

1. Mechanism. 

When inspecting the switch machine always note the posi- 
tion of the lock plunger relative to the face of lock frame. If 
it is not flush with the outside face of the lock frame, make 
sure that stud F is in the comer of cam crank E. With the 
switch adjusted correctly and the stud F at the end of its 
travel, there are two conditions which would be responsible 
for the pluneer not reaching its proper position. 

First — The rails may luive shifted and altered the throw 
of the switch points, wnich will put an unusual strain on the 
switch machine and prevent the full movement of the lock 

E lunger. This will be determined by operating the switch by 
and. 

Second — The detector bar may have been thrown out of 
adjustment by the shifting of the rails, this preventing the 
generation of the indication current. Necessity for readjust- 
ment is determined by disconnecting the l»r, placing vt 
in proper position and the switch macMne m «.>i)ci!ec «xXx«i»fe 
post tion; if it is not possible to replace t\i© "^Vxl O -wJOcLCWir 
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moving either the machine or detector bar, the connections I 
should be readjusted. \ 

On each inspection examine the friction clutch to see that It 
slips properly on overload. 

2. Motor. 
The motor commutator or brushes should not be disturbed 

unless foimd necessary. If the commutator becomes dhty, it . 
should be cleaned with chamois skin moistened with oil, any I 
surplus oil being wiped off the commutator by a dry piece A 
chunois. 

If it becomes necessary to put a new brush into a motor, 
the brush after being put in position should be seated to the 
commutator by drawinp: thin, fine sandpaper under the brush, 
at the same time pressmg the brush against the commutator; 
the smooth side of the sandpaper shomd be a^inst the com- ( 
mutator. Use for tiiis purpose "00 Single Finishing flint i 
Sandpaper." 

3. SmaU Parts. 
All cotter pins, lock washers, binding posts, small nuts and 

screws, should be inspected at stated intervals to see that they 
are not working loose. 

4. Contact Surfaces. 
The pole changer contacts should be kept clean and bright. 

5. Oil. 
Moving parts not exposed to the weather should be well 

oiled once a month. All parts, the bearing surfaces of which 
can be reached by rain, should be oiled immediately after each 
storm. The friction clutches should be oiled on each inspec- 
tion trip. 



STRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF THE 
MODEL 4 SWITCH MACHINE 

Storino Mechanisms 

LL mechanisms and motors should be placed right side up 
L on timbers to raise them above the ground. 

Installation 

ji making the installation, the first operation is the framing 
the ties. This should be in accordance with the plan 
rmi by Fi^. 149. 
Jnless special features are required, all holes in the tie plate 
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are drilled before leaviiu; the factonr, with the exception of 
those for the toe and slicte plates. Tnese should be so located 
that when the slide plates, toe plates, and rail braces are in 
place, the proper track gcaiige will be rigidly maintained. 
t The switch machine should then be Dolted down to the tie 
plate and the throw and lock rods connected. 

Adjustments 

As the switch machine is completely assembled in the foctory 
I and all parts adjusted to meet the conditions under which the 
I mechanism is to operate, there is very little in the way of 
', adjustments necessary to be made. 

^ After the machine is wired up, before making anv adjust- 
ments which may be required, the brushes should be raised 
from the motor armature. 
1. Throw Rod, 

TTie nuts on the throw rod must be placed so that the switch 
points will be brought up against the stock rail snugly^ but 
not screwed up far enough to put any imnecessary stram on 





Fia. 161 FiQ. 152 

Melds in Series. Fields in Multiple. 

WiBiNO FOR Motors, Model 4 Switch Machine 

the rod. Under normal conditions, with the throw rod adjusted 
as above, a single switch or derail should permit of hand 
operation, bv using the crank provided for the purpose. If it 
is not possiole to do this, steps should be taken to get the 
switch into this condition. 

2. Lock Rod. 

The adjustment of the lock rod should be such that the 
locldng dog H| or H, will enter its proper notch in the lock 
rod I with the switch full normal or full reverse, as the case 
may be, but ^dll be prevented from entering if a piece of metal 
one-eighth of an inch thick is placed between the switch 
point and the stock rail. 

3. Detector Bar, 

To adjust the detector bar, place it in the desired position 
relative to the top of the rail and adjust the connections to 
such a lenjgth that with the switch machine in its extreme 
position, pin P may be inserted without chan^ng the position 
of either the detector bar or switch machme. Check thi& 
adjustment with the bar and switch machme m ^)i^ cp^'^csffs^A 
ptmition and readjust if necessary. 
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4. CluiA. 

The nut on fiicdon clutch C, by means of which the 

fireaaion of the tuning u increaaed or diminished shou 
ocked in a position which will enable the motor to op 
the switch imd^ normal conditions, but will permit 
clutch to slip if there ja an obstruction in the switch p' 
This is detdmined bj startinK with the nut unscrewed 
gradualljr tightening it up, untu the motor operates the b 
without any slipping of the clutches. 




Testing 
The itreferred method of testing the operation of the s" 
mechanism is to operate it by Hand by means of the ( 

Erovided tor this purpose, first making sure that the n 
rushes are raised before attempting to move the mac 
This method should be employed as a regular practice. 

It it should become necessary to operate the switc' 
power, the teats on the switch machine should be carrie 
under the protection ot the operating lever, whenever the 
ditions are such that the leverman can receive and ac 
signals given him by the man on the ground. 

On the rare occasions when it is not practical to cot 
the test under the control of its lever, power may be ap 
locally by taking both control wires off from their resp€ 
binding posts (for contact springs Q, and Q„ Fig. 153) i] 
poJe changer, and having first connected common poi 
with a short piece of wire to the open cotA,to\ toTSajA * 
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"U^ Qif Fig. 153), current may be sent throug^h the motor 
placing the energized control wire in connection with the 
er control contact spring (spring Q,, Fis. 153) ; with these 
Elections the mecha^iism will be brougnt to rest without 
ck i^n the completion of its movement. Revene these 
nections to secure operation in the opposite direction, 
kfter the machine is completely adjusted, safe^ requires 
t it should be operated from the interlocking station sevo^ 
es, making[ sure that with the lever in its normal position, 
switch points will correspond with their position as shown 
the track plan. 

Maintenance 
. Mechanism, 

hifting of the rails may prevent correct operation of the 
tch machine in the following manner: 
Hnt — B^ altering the tlm>w of the switch points, an 
usual strain will be put on the switch machine which will 
vent the mechanism from locking up. This will be deter- 
led by operating the switch by hand. 
'eama — The detector bar may have been thrown out of 
ustment, this preventing the generation of the indication 
rent. Necessity of readjustment is determined by dis- 
necting the bar, placing it in proper position and the 
bch machine in its corresponding extreme position ; if it is 
possible to replace the pin P without moving either the 
shine or detector bar, the connections should be readjusted. 
. Motor. 

lie motor commutator or brushes should not be disturbed 
Bss found necessary. If the commutator becomes dirty, 
ihould be cleaned with chamois skin moistened with oil, 
' surplus oil being wiped off the commutator by a dry piece 
ihamois. 

f it becomes necessary to put a new brush into a motor, 
brush after being[ put in position should be seated to the 
imutator by drawiik thin, fine sandpaper imder the brush, 
;he same time pressmg the brush against the commutator; 
smooth side of the sandpaper shomd be against the com- 
tator. Use for this purpose "00 Single Finishing Flint 
idpaper.*' 
. SmaU Parts. 

Jl cotter pins, lock washers, binding posts, small nuts and 
iws, should be inspected at stated intervals to see that they 
not working loose. 
. Contact Surfaces. 

!he switch circuit controller and pole changer contacts 
uld be kept clean and bright. 
. Oil. 

loving parts not exposed to the weather should be well 
d once a month. All parts, the bearing surfaces of which 
be reached by rain, should be oiled imme^^t^^ ^\^xsc ^»x^ 
rm. 
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OPERATING DATA FOR SWITCH MACHINES 



runccloo openlad 


=■.- 


OpemtlBB 
Tune 

Leneui 


Amp. 


eec>oiidi 


SwitBh UaohinB, Modtl 2, Switoh or Derul. . . . 
Switah MMhina. Model Z. Double Slip oc M. P. 


e.o 

10,0 
4.5 

7.0 
4.5 


3,2 
3 

3.3 

a 


SwitchMachiae, Model 4A. Switch or Derail.. . . 
Switch MMbine, Modd 4A. Double SBp or M. P. 


Switch Machiue.Mi)dBl4B.Swit<ih or Derail,. . . 
Snitch Machine. Uodel 4B. Double Slip or M. P. 








»,»... 




A.R.A.-Tn«A. 


A.R.A.-TrpeB. 


A. S, C. E- 


Lbi. per Vd, 


iDCbei 


Inohe* 


IncbH 


60 
70 

90 

100 


32tt 
23W 
2444 

2eH 


21 
21 

2ai*i. 


21W 
22?i 
2«i 
25« 
27W 



— Dimenson A is the dUtwiea fttJin nuce side ol 



om nuc 
bdfto 
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Fio. 157. Diagram Showing Clearance between Top or Model 4 

Switch Machine and Contacting Surface or Third Rail. 

Electric Ditibion, N. Y. C. & H. R. R. R. 




Fig. 158. Diagram Showing Clearance between Top of Model 4 
Switch Machine and Contacting Surface of Third Rail, 

Long Island R. R. 
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Fia. 159. DmnBioKB or Uodel 2 Switch Macsu 
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Fia. 160. DiMENSiONB or Model 4 Switch Machine for Movable 
Point Fboo or Double Sup Switch 




Fio. 161 Dimensions or Model 4 Switch M.kCHX»'& ioil 

Switch or Derail 
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4. CbUeh. 

The nut on friction clutcli C, by means of whicli the 
preodon of the t^iring is increased or diminiahed ghou] 
locked in a po&tion which will enable the motor to op 
the switch und^ normal conditions, but will pmmit 
clutch to slip if there is an obstTucticn in the switch pt 
This is detmnined by startinz with the nut unscrewed 
graduaU]r tightening it up, until tlie motor operates the en 
without anjr slipping of the clutches. 




Fia. 163. Pole Chanqeb Wuuno, Modi 

Testing 
The preferred method of tasting the opraation of the sv 
mechanism is to operate it by hand by means of the c 
provided for this purpose, first making sure that the n 
brushes are raised before attempting to move the mad 
This method should be employed as a regular practice. 

If it should become necessary to operate the switd 
power, the testa on the switch machine should be cairie 
under the protection of the operating lever, whenever the 
ditions are such that the leverman can receive and ao 
signals given liirn by the man on the ground. 

On the rare occasions when it is not practical to con 

the test under the control of its lever, power may be api 

locally by taldng both control wires on from theu' respei 

biadinepoBtB (for contact apringB Q.iB.!\4 Q,„Fig, 153) k 

pole cSanger, and having firat corfliestei lyiTiinitni ya 

m'tb a abort piece of wire to the opoi ccmtaaX wnftwS. 
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[SectioD 
Fia. 175. UOTABLE Point Fboq On.i 



X Model 3 Switch 
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DDIENSIOKS OT MOTION PLATES "A" AND "B" 
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DIHENBIONS OF 


BRIDGE CIRCUIT CLOSERS 
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Operation of Bridgb Circuit Closer 
e G. R. S. bridge circuit cloaw with centering device is 
a in lig. 195. In the operation of closii^^ the bridge 
] firet caused to approach the shore end with its center^ 
thrust forward. When these come into contact with the 
end, the latter b brought into proper aliznment, the 
e end continuing its forward movement until they abut; 
lades are then forced to enter the jaws, thus making the 
!d contact. 

e centering device will take care of any horizontal mls- 
nent up to one and one-half inches. When this is 
« be exceeded, the circuit clo&er a\iD\iX& ^MLB.\^MfbK&.\a 
■Ms in Bucb a manner that when ttia Twia w« \niR& ■'■«' 
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the circuit closer will be affected in a similar r 

design of the jaws permits of three-fourths inch movement 
' iibove or below the normal positioa. 

The maxioium stroke of the driving member is approxi- 
mately thirteen inches. Using this stroke, the maximum i 
extension of the blades (three and one-half inches) can be ! 
secured with a permissible opening of five and three-eighths 
inches between the bridge and shore ends of the circuit cloaer; 
this forces the blades between the jaws two and three-eightha 
teches, If required, this distance between the bridge and 
ihore ends may be increased to seven and three-sixteenths 
inches, which wilt give a contact extension of one and thir- 
teen-«ixteenths inches and force the blades between the jawg 
for a distance of three-fourths inch. 

If it is desired to reduce the operating stroke and still retain 
the maximum contact extension, the maximum opening be- 
tween the tiridge and shore ends must be decreased a propor- 
tional amount. 
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^STALLATION AND OPERATING DATA FOR 
SIGNAL MECHANISMS 



COVERING INSTRUCTIONS FOR IN- 
STALLATION AND MAINTENANCE, EN- 
ERGY FIGURES, CLEARANCES RE- 
QUIRED, DIMENSIONS AND TYPICAL 
CIRCUITS; ALSO DIMENSIONS OF 
MASTS, SPECTACLES, BLADES AND 
FOUNDATIONS 
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INSTRUCTIONS COVERING THE INSTALLA- 
TION AND MAINTENANCE OF 
MODEL 2A SIGNALS 

Storing Mechanisms 

4 LL mechanisms should be stored in an upright position 

J\ and, if possible, in a dry place, and should not be re- 

* ^ moved from their boxes imtil they are installed. Avoid 

disconnecting or removing the motors from the mechanism 

cases. 

Installation 

In assemblying mechanisms which are shipped separatelv 
from the pole bearings or in reassemblying mecnanisms which 
have been disassembled for any purpose, the surface of all 
exposed mechanical joints must be cleaned and smoothly 
coated with white lead before assembly, to insure that they 
are water-tight. 

Whenever it becomes necessary to bolt a mechanism to its 
pole bearing^, see that the semaphore shaft and mechanism 
are approxunatdy in their ''stop" positions. Then rotate 
the semaphore shaft backwards and forwards sliehtly by hand 
v^hile tigntening the bolts, to be sure that no oinoing takes 
place during the process. 

When worldng on a mechanism, the motor door should alwavs 
be kept closed except when necessary to do work inside of the 
E&otor. 

After a mechanism has been wired, the wire entrance should 
be sealed to prevent the circulation of air between the inside 
ind outside of the case. Neglect to thoroughly seal may 
result in trouble due to the probable accumiuation of froi^ 
yr dirt on the circuit breaker parts. If conduit is used be- 
tween the mechanism case and the pole, the wire entrance 
)r conduit should be likewise sealed. 

Adjustments 

All signals are properly adjusted before shipment, the only 
Mljustments ordinarily reauired in the field heme those due to 
differences in the semapnore spectacles as foUows: if the 
blade is not horizontal when in its stop position, it can be 
brought to such position by means of adjusting screw A (see 
Rg. 197). Spring C, adjusted by screw D, should hold block 
B firmly against screw A, due allowance being made in the 
spring adjustment for any increase in weight of the signal 
arm, due to an accumulation of ice or sleet. Fig. 197 shows 
rdation of adjusting screws, spring, block, etc., when used 
with upper quadrant signals; this will be reversed when ap- 
plied to lower quadrant signals. 

Having adjusted the blade to the horizontal )^0€\t\o\i, tK^ 
circuit breaker frame should, if necessary, \>e xoXaX.^ \s^$£^ 
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a sufficient amount to cause the blade to assume its exact 
forty-five or ninety degree position in operation. 

Individual adjustment of the circuit breaker contact springi 
should not be necessary under ordinary conditions. If required, 
great care should be exercised to see that all contacts are 
adjusted to open and close as shown on the circuit plan which 
accompanies each signal mechanism. 

In replacing a circuit breaker which may have been removed 
from the mechanism for anv cause, great care diould be taken 
to see that the circuit breaker operating segments mesh prop- 
erly. Otherwise, it will be impossible for tne blade to assume 




Fxo. 197. Sbctzon of Clamp Beabinq Showino Sbmaphorx 

Spbctaclh Adjubtment 



its proper positions in operation except by extreme adjustment 
of uie contacts and circuit breaker. 

Lubrication 

See that all movins parts are thoroughly lubricated with 
oil that will not thicken in cold weathor or dry up in hot 
weather. "Hydrol," "Polar Ice," or "8 in One" oils have 
been found satisfactory. Use an oil can with a nine inch 
curved spout. 

After lubrication, the signals should be operated several 
times, in order to work the oil thoroughly into the bearings. 
The word "oil" on the diagram, Fig. 196, will indicate what 
parts require lubrication. If the mechanism has become 
rusty, eepecial care should be taken to see that all parts 
are operating freely before attempting to pwt \\i<& ^<;g[^ N3i 



^Bf^l 
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If the signal has beea properly adjusted and lubricated it 
Jrill operate freely. If in doubt as to whether a signal it 
^, fufflciently free in operation, a drop-away test should be 
' made hb follows. Connect an adjustable resistance in eerie* 
' With the motor. Gradually reduce it until the motor will just 
move the blade upwards. Just before reaching tie forty-five 
degree position, quickly insert sufficient reaiatance to just 




permit the motor to start backwards, moved by the weight of 
the blade grip. The current which will pHTnit it to start 
backwards from a given position should be approximately 
50 per cent, of the current required to move it up to 
that position. The same process should be repeated in the 
ninety degree position or sisty degree, as the ease may be. 

The signal itaving been oiled and operated a few times, see 
that the blade snuM properly in descending and also that the 
ratcheted main gear (F, Figs. 52 and 56) clicks approximately 
three or four times in so doing. The number of clicks can be 
tegulated by the adjusting screw on tte viW;\\«M.TOiWi^'MLi. 
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Maintenance 



Ordinarily in maintaining a si^pal, 

i Kept tight, contacts clean, and the 



the only requirements 
ire that the connections be^ept tight, 
mecbaiusm suitably oiled and cleaned. 

Avoid disturbing the commutator or brushes in any wav 
unless found necessary. A commutator in good condition will 
have a dark glossy appearance. If, however, it should be- 
come dirty, it should oe cleaned by chamois skin moistened 
with oU, any surplus oil to be wiped off of the commutator by 
a dry piece of chiamoiB. 

Use a chamois skin in cleaning the circuit breaker contacts. 

If it should become necessary to put a new brush into a 
motor, the brush should, after having been put in position, be 
seated to the commutator by drawing thm fine sandpaper 
under the brush while the brush is being pressed against the 
commutator. The smooth side of the sandpaper shoidd be 
against the commutator. Use ''00 Single Finishing Flint 
Sandpaper." 



OPERATING DATA FOR SIGNALS 



Ftinetlon Operated 


Operating 
Current 


Holding 
Current 


Operating 

Time 

Using 

Maximum 

Length 

Control 

wire 


Amp. 


Amp. 


Seconds 


High Sigoal. Model 2, 


3.0 

3.0 
.82 
.62 

4.0 


.14 
.11 
.23 
.23 
.17 


4 
3 
6 

4 

1 


High Signal, Model 3 or 7, 

High Signal, Model 2A 

Dwarf Signal, Model 2A 

Dwarf Signal, Model 2 or 3 
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N. Y. C. i H. R. R. R. I 
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Spsctula R. S. A. dnwiaf 1333, October, 1912. 
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Fig. 212 
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R. S. A. drawing 1005, dated VQW. 
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Fio. 217. DwABT Signal Foundation fob Modbl 2A, 
Model 3 ob Onb Abm Modsl 2 Dwarv Signal 
(6.5 cubic feet of ooncrete.) 
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(11.25 cubic feet of concrete.) 
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SECTION X 



INSTALLATION AND OPERATING DATA FOR 
RELAYS AND INDICATORS 



GIVING ENERGY FIGURES FOR, AND 
DIMENSIONS OF, THE D. C. AND A. C. 
RELAYS AND INDICATORS USED IN 
TRACK AND LINE WORK; ALSO DI- 
MENSIONS OF RELAY BOXES 



RELAYS AND INDICATORS 



EMEBGT DATA FOR UODEL 1, D.O. REIAYS 



BMlatance duM 


Ma Amps. 


Volts 


•4 


110 


.425 


5 


08 


.475 


9 


80 


.7 


16 


02 


1.0 


25 


52 


1.275 


30 


47 


1.4 


35 


44 


1.5 


50 


35 


1.8 


100 


26 


2.5 


300 


15.5 


4.5 


500 


13 


6.5 


800 


11 


9.0 


1000 


10.5 


10.5 



Ts. — ^Values siven in above table are the mimimuin on which the 
will operateu Add 10 per cent, for practical operation. Drop away 
nt equals 23 per cent, of minimum operating current. 



ENERGY DATA FOR STYLE A, D.C. INDICATORS 

FOUB WAT. 



Reslsfnce Ohms 


Mil. Amps. 


Volts 


4 


147 


.59 


5 


135 


.675 


12 


97 


1.16 


38 


56 


2.13 


50 


49 


2.45 


75 


41 


3.10 


100 


37 


3.70 


200 


31 


6.20 


250 


27 


6.75 


500 


18 


9.00 


1000 


14 


14.00 



TB.— ' Values given in above table are the mmlmnm oxi ^Vs^db. ^2cA 
itor will operate. Add 10 per cent, for pnuot\Qa\ orpera^Stfsa. \ycn^ 
eumnt equmla 33 per cent, m minimi^tn opcfrtBiitinii oraotva^* 
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ENERGY DATA FOR 
MODEL 9. D. C. RELAYS 





4 Wat 


6 Wat 


8 Wat 


Ohms. 


Mfl. 
Amps. 


Votts 


MIL 
Ampg. 


Votta 


Mfl. 
Amps. 


Volta 


3.5 


79 


.28 


95 


.34 


Ill 


.39 


4 


75 


.30 


90 


.86 


105 


.42 


4.2 


71 


.30 


85 


.36 


100 


.42 


5 


71 


.36 


85 


.43 


100 


.50 





64 


.38 


76 


.46 


85 


.51 


7 


57 


.40 


69 


.49 


81 


.57 


9 


53 


.48 


64 


.58 


75 


.68 


10 


51 


.51 


61 


.61 


72 


.72 


11 


47 


.52 


66 


.62 


66 


.73 


12 


51 


.61 


61 


.73 


72 


.87 


10 


41 


.66 


49 


.79 


57 


.92 


17 


38 


.65 


46 


.79 


54 


.92 


20 


38 


.76 


46 


.98 


54 


1.08 


26 


31 


.81 


37 


.97 


44 


1.16 


35 


31 


1.08 


37 


1.30 


44 


1.54 


40 


27 


1.08 


33 


1.32 


88 


1.52 


46 


24 


1.11 


29 


1.34 


34 


1.57 


50 


23 


1.15 


27 


1.35 


32 


1.60 


60 


21 


1.26 


25 


1.50 


30 


1.80 


68 


20 


1.36 


24 


1.64 


28 


1.91 


75 


21 


1.67 


26 


1.95 


29 


2.18 


80 


20 


1.60 


26 


2.00 


29 


2.32 


90 


18 


1.62 


23 


2.07 


27 


2.43 


98 


17 


1.67 


21 


2.06 


25 


2.45 


125 


15 


1.88 


18 


2.25 


21 


2.63 


150 


14 


2.10 


16 


2.40 


19 


2.85 


200 


13 


2.60 


16 


3.20 


18 


3.60 


244 


11 


2.68 


14 


3.42 


16 


3.91 


300 


11 


3.30 


18 


3.90 


15 


4.50 


846 


10 


3.46 


12 


4.15 


14 


4.85 


400 


10 


4.00 


12 


4.80 


14 


5.60 


500 


8. -5 


4.25 


10 


5.00 


12 


6.00 


516 


8.5 


4.39 


10 


5.16 


12 


6.19 


600 


8.5 


5.10 


10 


6.00 


12 


7.20 


670 


7.5 


5.02 


9 


6.03 


11 


7.37 


800 


8 


6.40 


9.3 


7.44 


11 


8.80 


900 


7.6 


6.75 


8.5 


7.66 


10 


9.00 


1000 


7 


7.00 


8 


8.00 


9 


9.00 


1500 


6 


9.00 


7 


10.5 


8 


12.00 


1600 


5.5 


8.80 


6.5 


10.40 


7.6 


12.00 



Non. — ^Values cdven in above table are the minimum oa "vibicSci \SEi<b v&ks 
rfll operate. Add 10 per cent, for praeUoal opcoraAkRi. \>tno vnvi ^^^^ 
Mit equmb 40 per cent, of miniimim operatans earNAU 
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5W-4rfay 
TW-eiwy— 

Fic3. 230. Mo&KL 9, D. C. I 




■ PosinoH D. C. HoioB Rblat 

This telfty nguirei ths nme ftmonat of energj' tot openti 
H(>d«l 9, D. C. lUlsy. Drop smj' cumot eqiuts 50 per cent. 
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ENERGY DATA FOR 
MODEI, 9. D. C. INDICATORS 



R«Bi8. 


Tower Iitoicatobb 


BwncH 

Iin>ICATOB 


4 Way 


• Way 


8 Way 


Ohms 


MIL 
Ampt 


VolU 


im. 

Ampa. 
107 


Volts 


MIL 
Ampa. 


Votta 


MIL 
Ampa. 


Volts 


4 


101 


.40 


.43 


113 


.45 


101 


.40 


4.4 


94 


.42 


100 


.44 


106 


.47 


94 


.42 


6.8 


75 


.51 


79 


.54 


83 


.56 


75 


.61 


9 


66 


.60 


70 


.63 


74 


.66 


66 


.60 


9.2 


65 


.60 


69 


.63 


73 


.67 


65 


.60 


14 


55 


.77 


58 


.82 


61 


.85 


55 


.77 


20 


45 


.90 


48 


.97 


51 


1.02 


45 


.90 


22 


44 


.96 


47 


1.03 


60 


1.10 


44 


.96 


30 


37 


1.11 


39 


1.18 


41 


1.23 


37 


1.11 


34 


35 


1.19 


37 


1.26 


39 


1.33 


35 


1.19 


40 


30 


1.20 


32 


1.28 


34 


1.36 


30 


1.20 


50 


29 


1.46 


31 


1.55 


33 


1.65 


29 


1.45 


56 


27 


1.51 


29 


1.62 


31 


1.73 


27 


1.51 


92 


24 


2.20 


26 


2.39 


28 


2.67 


24 


2.20 


100 


22 


2.20 


23 


2.30 


26 


2.50 


22 


2.20 


130 


19 


2.47 


20 


2.60 


21 


2.73 


19 


2.47 


200 


15 


3.00 


16 


3.20 


17 


3.40 


15 


3.00 


300 


13 


3.90 


14 


4.20 


16 


4.50 


13 


3.90 


500 


11 


5.50 


12 


6.00 


13 


6.60 


11 


5.60 


690 


8.5 


6.86 


9 


6.21 


9.5 


6.55 


8.5 


5.86 


1000 


7.6 


7.50' 


8 


8.00 


8.5 


8.50 


7.5 


7.50 



NoTB.— Valuea given in above table are the Tninimum on wMgIl tJbA 
tndioator wiU operate. Add 10 i>er ofsnt. for ptafiWotX taf^wnidna. \)ii«» 
Kway eamat equals 88 per oeoi. of mwimitTr\ o9«Ka\ax\^ QiaxcfiD.\.« 
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ENERGY DATA FOR A. C. LINE RELAYS AND INDICATORS 
Fob Usa on 55-110 ob 220 Voiab, — 25 ob 00 Ctclbs. 



Nama of Derioe 



Model 2 Form A Line 
Relays, with frontt 
6 baddc or 12 front con- 
tacts, and indicating 
attacdiment for tower 



use, 

Modd 2 Form B Line 
Rriays. with 6 front, 
2 back contacts, and 
indicating attach- 
ment for tower use, . 

Model ZForm B line 
Relays, with 6 front, 
2 back contacts, and 
indicating attach- 
ment for tower use, . 

Model 2 Form B Switch 
Indicator, without 
contacts, 

Model Z Form B Switch 
Indicator, without 
contacts, 

Model 2 Form B Tower 
Indicator, without 
contacts, 

Model Z Form B Tower 
Indicator, without 
contacts, 



Cycles 



25 
60 



25 
00 



25 
00 



25 
00 

25 
00 

25 
60 

25 
60 



MAZunni Enbhot Rbquibxd at Normal 
VouTAca (sns Note) 



2 Position 



Split Phase 



V. A. 



12.0 
12.0 



15.0 
15.0 



5.5 
10.0 



15.0 
15.0 

3.0 
5.5 

15.0 
15.0 

3.0 
5.5 



Watts 



10.0 
10.0 



10.0 
10.0 



2.0 
3.0 



10.0 
10.0 

1.5 
1.8 

10.0 
10.0 

1.5 
1.8 



3 Positlan 



Local 



V.A. 



7.8 
7.8 



11.7 
11.7 



Watts 



5.4 
5.4 



5.4 
5.4 



Line 



y. A. ! Watts 



0.4 
6.4 



6.5 
6.5 



5.4 

5.4 



5.4 
5.4 



NoTB. — Above energy figures will permit practical operation of these de- 
vices on a voltage 20 per cent, below normal and are based on a maximum 
Muipment of contacts, including indicating attachment for tower use. 
Without indicating attachment, with a lesser number of contacts, by spe- 
dal construdion, or by combinations of any of the foregoing, the above 
enernr may be reduced 20 to 50 per cent. Relay must drop away on not 
less tioan 50 per cent, of the minimum operating energy. 



NoTB. — The above table permits the following line resistance in series 
with line phase of relay. 



Volts 


Cycles 


Resistance (Glims) 


55 


25 


75 


55 


60 


100 


110 


25 


160 


110 


60 


200 


220 


25 


^^ 


220 


60 


\ ^IC» 



\ 
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OPERATION OF THE MODEL 3 FORM A KEQULAR POLY- 

FHABE RELAY, IS CONNECTION WITH DOUBLE BAIL 

A. C. TBACK CIRCUrra ON ELECTRIFIED 

DIRECT CURRENT ROADS 
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Oprb^tion oh 60 C 

Noia. — VoH unpena dunrn ia Fioa. 2 

hjapern fad to tin track oinniit mnd (o '..._ ^ _ ^ 

iriui four front Hid two bade coataota. Curva are bued o 
nil belnit mad. 

Good baOaet <u>l>roximat«ly 10 ohma per 1,000 ft.) eoniuta of it 
iravel tnllait, widl dninad and fraa from the baae of Uw nila. 

Averace ballist (approxinuitely G dhnu par 1,000 ft.) oonnataof a b: 
■oeh M » mil dnfaiM gisTd baUaEt, covaiat Uia baaa of the nib. 

Diit,^ dndar or badly drainad (Tsvel ballBat, co7aniisQie\wBB^^^ 
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'ABLE SHOWINQ RELATIVE AMOUNT OF ENERGY RE- 
QDIRED FOR MODEL 2 FORM A TRACK RELAYS, 
REGULAR AND QUICK ACTING. WITH DIF- 
FERENT CONTACT COMBINATIONS 



Uodel 3 Form A 
Trukltd^n 


o.™.«.,^, 


tSSS 


Rcsulflr, 


Illlll 
Illlll 


1.0 

.8 

3.5 
3.5 




Quick AolinE, ...... 

Quiok Aeiing . 

Quick Aoling 



NoT».— Regulur Model 2 F 
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OBNBSAL KAILTAT BIONAL COHFANT 




■P=E 






Note. — Several readings sli 



JDcnBased accordingly, 
Tba ammeter for all of the above tm>» dmaii i 
exceeding tlie 1 ampere raiiB* indicBited s^iohb. 



... ... — jniforaoly eraduBUd 

1 Fig. 240 Disy merely be a unit of mub 

if available. If voltages used in abovv 



>d will have to tw 
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SECTION XI 



rSTALLATION AND OPERATING DATA FOR 

TRANSFORMERS 



COVERING DIBIENSIONS AND RATINGS 
OF LINE AND TRACK TRANSFORMERS 



TRANSFORMERS 




». 








lATI) 






A 


B 


1 n 


E 


F 


a 


H 


i>Bh 


Iiub 


.„.. 1 !«,. 


Hub 


beh 


mob 


Intta 


1 

3 


16U 


1S% 
■«4 


13tt 


12<h< 
l«i 




10 


2H. 


8 
8 



"f rr 



+■ 
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E. S. A. VOLTAGE RANGES FOR SIGNAL WORK 
(1913) 

(Isl Rangel Thirty (30) and lesa. 

(3d Range) Over thirty (30) to and including one hundred 
and eeveaty-dve (175). 

(3rd Range) Over one hundred and seventy-five (176) to and 
including two hundred and fifty (250). 

(4th Raiwe) Over two hundred and fifty (250) to and in- 
cluding six hundred and sixty (660). 

(eth Range) Over six hundred and dxty (660). 



SECTION XII 



JTALLATION AND OPERATING DATA FOR 
PRIMARY BATTERIES 



COVEKING THE CAUSTIC SODA 
CELL, GRAVITY CELL AND DRY 

CELL 



PRIMARY BATTERIES 



CAUSTIC SODA PRIMARY CELL 

Uses 

THE caustic soda primary battery is largely used on open 
circuit work, such as for signal operation, where a higher 
current is required than can be secured from other types 
of primary battenes without the installation of a ^reat num- 
ber of cells. A somewhat different design of caustic soda cell 
is extensively used for track circuit work; although a more 
expensive cdl than the gravitv cell, it is one in which the 
maintenance is very slight, it being ordinarily necesssoy to 
make renewals omy four or five times a year, this, of 
course, depending on the tjrpe of traffic passing over the 
section on which the battery is installed. 

Description 

The elements of the cell are of zinc and black oxide of 
copper and the electrolyte a strong solution of caustic soda 
and water. These are generally contained in a porcelain or 
heavy heat resisting glais jar, the latter being preferable due 
to its freedom from breakage and the ease with which inspec- 
tion is made. The cut on page 286 ^ves the appearance of 
the jar adopted by the R. S. A. as their standard, the ampere 
hour capacity of this standard cell being 400. 

The elements of the signal cell are generally cast in the 
form of plates which are suspended from the cover. This 
cdl has an extremely low internal resistance (about .045 ohm) 
and is hence capable of producing on short circuit the heavy 
current of 20 amperes. The E. M. F. of the cell is low; when 
new, it is approximately 0.7 volt and this falls off after the cell 
has been in service for some time. 

The elements used in the track cell are not necessarily of 
the same t^e as those used in the signal cell. One well-known 
cell used tor track circuit work has a zinc element similar in 
form to the zinc in the gravity cell, the other element being 
poured loose over a tin msc resting on the bottom of the jar. 
The track cell is designed to have an internal resistance of 
about 0.25 ohm and a current output on short circuit of about 
2 to 3 amperes. The voltage of the cell is the same as that of 
the signal cdl. 

Action of the Cell 

When in service, chemical action of the cell gradually dis- 
solves the zinc element and converts the copper oxide into 
pure copper. In the case of the signal cell using a copper 
oxide plate, this change in the element will consist ot 1^^^ 
reduction of the copper oxide to copper, t\)^a Ted\]La\xcycL\si>s3^ 
place from the Burtace and extending m7i«rd\ ^iX» x^^atoN^ 

i 
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igree of exhaustion of the cell can be ascertained b^ 
rapine off the material from the outside of the plate \mtil 
le dark copper oxide is exposed. In the ceU used for track 
rcidt work, the copper oxide is converted into copper flakes 
hich continue to he as before on the tin disc in the bottom 
' the jar. 

Care of the Cell 

In settine up the cell, the jar should be first thoroughly 
eaned and then filled with pure water (preferably clear rain 
ater) to such a height that when the elements are added the 
vel of the electrolyte will have been raised to within about 
le and one-half inches of the top of the jar. The soda 
loiild be added slowly and the solution stirred continuously 
ith a stick until the soda is entirely dissolved. Chemical 
langes raise the temperature of the solution to the boiling 
3int, making it necessary to place ordinary glass, or porcelain 
jrs, on a dry wood surface when mixing the solution, to pre- 
snt breakage of the jars. The elements should not be placed 
i the cells until the temperature of the solution has dropped 
I about 90 degrees Fahr. A thin film of oil should then be 
3tired over the top of the electrolyte to prevent evaporation 
id "creeping of tne salts." 

When mixing the solution, care should be taken not to get 
le caustic soda dust or solution on one's person, as it is very 
>rrosive; the best means for counteracting the action of caus- 
c soda is water or oil. 

When in service practically no other attention is required 
y the cell other than an occasional inspection of the elements 

> determine the degree of exhaustion of the cell. 

The caustic soda solution does not freeze, but when subjected 

> severe cold the current discharge of the battery is mate- 
ally reduced, which makes it advisable to furnish protection 
jrainst extreme temperature conditions where current for 
perating signal motors is required, or if an equivalent current 

wanted for any other purpose. 



EXTRACT FROM R. S. A. SPECIFICATIONS FOR 
CAUSTIC SODA PRIMARY CELL (1911) 

General 

This battery is to be used in the operation of signals, 
crossing alarms, etc. 

MATERLOi 

(a) Railway Signal Association drawing 1053, issue 
1911, shows tne general design and dimensions of the bat- 
tery lar, cover, connections, wire, and that part of the b^Vt^ 
togetner with nuts and washers, ahoNTii «j)ONr^ ^^ <^qm^ 
for supporting the elements. The active v^tt. cA ^Ufikft ^^^ 



f^ 
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of the zinc, copper oxide, and caustic soda, in the i 

granular form, which, mixed with water, forms the solu- \ 

. tioa in which the elements are placed, and a suitable I 

[ mineral oil, which ia used on top of the caustic soda eoiu- I 

tioa to prevent evaporation and the salts from creeping I 

over the top of the jar. 

(&) The assembled element shaU consist of the zinc and 
copper oxide, suitably combined, together with the suspen- \ 
sioQ bolt and terminal \^'ire of suffacient length to extend i 
twelve (12) inches above top of cover. ) 

, 8, RsqUIRtlMENTS 

Each complete cell or renewal shall have a capaci^ of 

at least four hundred (400) ampere hours, as provided for 
under t^ in Section 4. 

' A. Test 

' (a) In order to determine the ampere hour capaci^ of 

the cell or renewal, one will be selected at random from 
each lot of one hundred (100), or fraction thereof, a 
placed on a continuous discharge of one (1) ampere. _ 
the discharge continues four hundred (400) noura without 
the potential at the terminals of the cell dropping below 
five-tenths (O.B) of one (1) volt per cell, the cell or renewal 
will be considered acceptable as far as capacity is concerned. 

(6) One will be selected at random from each lot of oi 
hundred (100), or fraction thereof, and subjected to a di 
chaise of three (3) amperes continuously. If, during the 
first forty (40) hours, the vcJtage does not drop beJow 
fifty-three hundredths (0.53) of one (1) volt and during the 
next forty (40) hours the voltage does not drop mIow 
five-tenths (0.5) of one (1) volt, the cell or renewal will be 
considered acceptable so far as drop in voltage test is 
concerned. 

(c) Tests enumerated in part^raphs (a) and (b) will be 
made at a temperature ot seventy (70) degrees Fahr. 



THE GRAVITY CELL 

Uses 

The primary cell in most general use on low voltage clc 

circuit worl( is the gravity cell; it is extensively used in con- 
nection with track circuits, being adapted to this type of work 
by its constant voltage characteristics and its freedom from 
polarization when on closed circuit. Although frequently 
used on open circuit work, it is not recommended that the 
cell be used that way, due to the very low efficiency obtained 
when operating under those contoioaa. 
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Description 

le elements of this cell are of zinc and copper, and the 
Tolyte a solution formed by dissolving copper sulphate 
Blue-stone" in pure water. The electrolyte and elements 
contained in a glass jar about eight inches in height and 
nches in diameter. 

i the type of cell g^enerally employed for signal purposes, 
zinc element consists of about four pounds of metallic 
t cast in the shape of a ring, which is suspended from the 
ar edge of the glass jar by means of soft wire hangers cast 
the dement. The copper element, made of thin sheet 
>er, rests on the bottom of the jar and is covered with 
>er sulphate crvstals. 

he eravity cell has an approximately constant E. M. F. 
volt on open circuit and does not polarize through being 
inually short circuited. The internal resistance varies 
iderably with the condition of the cell, running from 
it an ohm when the cell is in good condition to as 
. as 2 or 3 ohms. When in the best condition the cell 
a current capacity on short circuit of about 1 ampere. 

Action op the Cell 

lien first set up, if there are no old cells from which to 
sine sulphate to use in new cells, the battery must be short 
lited from twenty-four to forty-eight hours in order to 
b the action of the cell and to reduce the internal resist- 
i, A saturated solution of copper sulphate soon forms 
ind the copper element, and after the cell has been on short 
lit for a number of hours, a zinc sulphate is formed around 
zinc. Due to the difference of tne specific gravities of 
e two sulphates, the zinc sulphate floats on the copper 
hate, this giving to the cell the name of ** gravity cell, 
he action of the cell causes the copper sulphate crystals to 
3lve, and when the cell is producing current a deposit of 
i copper is made on the copper element. The zinc of the 
sr element is consumed, its surface soon becoming covered 
1 a deposit of gre^ and Drown sludge. This residue consists 
art of the impurities of the zinc, which does not dissolve, and 
yt scraped off at about intervals of two weeks it will coat 
zinc to such an extent as to interfere with the action of 
cell. As the cell wears out the zinc sulphate increases 
the copper sulphate decreases; the copper sulphate 
itals in the bottom of the cell are reduced to a paste, and, 
nentioned before, the zinc element becomes eaten away 
;he chemical action. The degree of exhaustion of the cell 
be determined by the condition of the zinc element and 
amount of copper sulphate crystals remaining in the 
om of the jar. 
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R. 8. A. OOPPERS 

Gravitt Pbimabt Battbbt 

R. 8. A. plan 1088. Issue October, 1911. 





SPECIFICATION 

Mathbial. (a) Coppers shall be two-leaf or three-leaf as specified 
■hall conform to the above drawing. Leaves shall be No. 80 B d; 8 
le, hard rolled bright copper not less than ninety-eight (98) per cent. 
I. 

>) Lead wire shall be No. 14 B & 8 gauge, solid soft drawn copper, insu- 
d throughout the entire length, except one (1) inch at each end. The 
Jstkm shall consist of a three-eixtv-fourths (%4) inch wall of rubber, 
1 adhere tightly to the wire and shall be of a character suitable to with- 
id the action of the battery solution. Insulation on ends of wire to be 
imed either tapered or square, and in this operation the wire must not 
loored. 

ySnd of wire attached to copper must be thoroughly cleaned and tightly 
aa shown with a rivet having a three-eighths (%) inch head and a 
her three-eighths (%) inch in outer diameter. Botii rivets and washer 
1 be coppw not less than ninety-dght (98) per cent. pure. 

Packxno and Marktnq. Copper shall be carefully and securely 

Iced in lots of one-hundred (1(X)) each, or fifty (50) if so spedfied, and 

pvirdiase order number, contents of package, name of manufacturer 

name and address of consignee shall be plainly marked on the outside 

Bflh package. 

IxBPmcnos and Accbftancb. One copper taken at random from 
1 fifty (60) or fraction thereof shall be examined and tested. The results 
bis examination shall determine whether the lots so represented will be 
rpted. If the samples are found to meet this specification, the material 
be aooepted. If any of the samples fail to meet this specification, the 
r e pre se nted will be rdected and returned at the risk of the manufacturer, 
taying the freight in both directions. 
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Care of«thb Cell 

renewals, the jars should be well washed, bdng 

they are transparent. The elements should be 
cleaned and replaced in the jar with clean cop- 
per sulphate crystals; the cell should then be 
filled to a point just below the bottom of the 
zinc element with water and then within one- 
half inch of the top of the jar with clear zinc 
sulphate taken from the top of the old cell — 
this in order to start a strong chemical action 
and have the cell available for immediate service. 

The cell should be inspected every two weeks 
and the residue which nas formed on the zinc 
element be scraped off. At the same time the 
maintainor shoiud check the specific eravity of 
the dectrolyte. The best operation of the cell 
will be seciu*ed by keeping the density of the solu- 
tion at about twenty degrees Baume (see page 
384), and wider no condition should it exceed 
thirt^ degrees; the densitv can be lowered by 
dipping out some of the solution and refilling the 
cm with water. 

The bottom of the zinc element should be main- 
tained about two and one-half inches above the 
level of the copper sulphate crvstals. 

The ampere output of the cdl falls off consid- 
erably witn a decrease in temperature. Under no 
conditions should the cell be exposed to a tem- 
perature below thirty-two degrees Fahr., as the 
solution congeals at slightly below that point and 
freezes with a further reduction in temperature, 
this interrupting the action of the ce^ and in a 
great many cases breaking the jar. When installed 
outside of the interlocking station the cells are 
housed in battery chutes or wells set in the 
ground to place them beyond the reach of frost, 
the proper depth of the housing depending on 
climatic conditions. 



THE DRY CELL 
Uses 

The dry cell is most commonly used in connection with 
[rcuits which are only closed momentarily, or for a few seconds 
t infrequent intervals. It is employed for such ipur^oa^a ^a 
perating annunciators, buzzers, etc., and soti\^\.\rafia Vck. ^iX:^^ 
rnition circuit oi gasoline engines. 
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DESCBirTlON 

The cell is contained in a zinc shell which forma one ele- 
ment; the other element consists of a stick of carbon set in 
the center of the cell. The zinc shell is usually lined with 
several thieknessea of blotting paper and the remaining spac* 
around the carbon element nlled with a mixture of carbon, 
maDganese dioxide, sawdust, or other absorbent substance. 
This mixture is then saturated with a solution of sal ammoniac 
(muriate of ammonia) and water, and the top of the cell sealed 
with wax or pitch. To inBulate the zinc shell from adjacent 
cells, metal pipes, etc., a cylindrical pasteboard cover is fur- 
nished covenng the sides and bottom of the ceU. 

The cell has an approximate E, M. F, of 1.5 volts which falls 
off after the cell has been in service for some time. The 
internal resistance is about .075 ohm. The cell polarizes very 
quickly when on short circuit, ^vine less and less current 
as it becomes more polarized, until it finally refuses to deUver 
current at all ; the cell takes some time to recover when fully 
polarized. 

Exhaustion of the cell, excejit when polarized, is usually 
due to the sal ammoniac having been entirely consumed. 
The zinc container is gradually consumed by the action of the 
celt, this resulting in "puncturing." or the eating through in 
spots, of the zinc. 

Carb of the Ceix 

The cell practical!^ requires no care other than keeping it 
in a dry place which has an even temperature of about 
seventy dpgreos Fahr, Temperatures below this wil! limit the 
amount of current which can be drawn from the cell, while a 
greater temperature materially reduces the cell's life through 
-'—="" ''p the sal "" — — "!"" 



%»j 



n reality a wet cell, sealed to prevent the paste 
from drying out. If the cell does actually become dry it will 
not produce any current, but if the elements have not been 
worn out this can be overcome by boring a hole in the top of 
the cell and soaking it in water for two or three days. 

Care should be taken to avoid handling the cells roughly, u 
the contents of the cell are apt to become broken away from 
the carbon electrode, this resulting in an increase of the internal 
re^stance of the cell and a consequent reduction in the current 

EDITOR'S NOTE 

ArtUUa on primary cells, pages 285, 288 and 293, baeed on 
data lurnitked by NatvmcU Carwn Co. 
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WIRE, TRUNKING AND CONDUIT 



COVERING INSTALLATION PRACTICE, 
TABLES OF PHYSICAL PROPERTIES OF 
WIRE, REQUIRED SIZES OF CONTROL 
AND COMMON WIRES, TRUNKING CON- 
STRUCTION, AND THE CARRYING CA- 
PACITIES OF TRUNKING AND CONDUIT 



WIRE AND WIRING 



EXTRACTS FROM R. S. A SPECIFICATIONS FOR 

ELECTRIC INTERLOCKING (1910) 
11. Size 

(a) Wires shall be of sufficient size to permit operation 
of switch and signal mechanism in accordance with pre- 
vious specifications. 

(b) Rubber-covered wire smaller than number fourteen 
(14) B. &. S. gauge shall not be used. 

(c) Hard-drawn copper line wire shall not be smaller 
than number ten (10) B. & S. gauge. 

(d). No common return wire shall be less than number 
twelve (12) B. & S. gauee. 

(e) In submarine cable work spare wires up to twenty- 
five (25) per cent, of the number in use shall be provided 
as specified. When spare wires are required in otner than 
cable work the number and size shall be specified. 

(/) Numbers and sizes of track circuit connections 
shall be as follows: 

Xo. of B. & s. 

oonduetmv 8»uge 

1. Track batteries to raU one (1) nine (9) or. . . ( .) 

2. Relays to rail one (1) nine (9) or. . .(.) 

3. Fouhng shunt connections . . .two (2) nine (9) or. . .(.) 

4. Switch circuit controller 

connections two (2) nine (9) or . . . ( .) 

5. Wire from trunking to 

track batteries in chutes, 

stranded twelve (12) or . . . ( .) 

(g) Wires connected to track shall be rubber-covered 
soft-drawn copper. 

25. WmiNG 

(a) Wires in trunking, chases or conduits shall be laid 
loosely without stretching or crowding. 

(b) Not more than two (2) wires snail be connected to 
one (1) binding post or terminal screw. 

(e) Unless otherwise specified, all wires shall be run as 
separate conductors. 

26. Common Return 

(a) Reductions in size of common wire and connec- 
tions to pole lines shall be made in jimction boxes. 

(b) Connections between branches and main common 
wires shall be made in jimction boxes. 

NoTB. — WiT0 dMea given in (/) taken from "R. ft. K. ka\AasBi».^fi'^«2«' 
'somI SpeeiBeMtiona (521-/ dated 1913). 
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7. Joints in Wibb 

(o) Wires ahall, »s far as practicable, be c. 

without joints or breaks between interlockinz machine 
and the unit operated; joints when made shall be in v — ' 
tion boxes, and only made on permiasioti from the £ 



cut with knife held at an angle of approximately thirty 
(30) d^rees with ^xis ot wire, as one would sbarpen a 
pencil. 

<c) After removing rubber, wire shall be thorougUv 
cleaned, care being taken to prevent injury from Hmall | 
cuts or nicks. 

id) Wire, after being cleaned, shall be twisted together 
in the form of a regular line wire splice, turns being spaced 
approximately one-eixty-fourth ('/bi) inch. 

le) Joints anall ttien oe eoldered by pouring on them, or 
dipping them into, melted solder, a non-corrouve rorin 
flux being vaeA. After soldering, joints shall be painted 

with insulating paint or with 

compound. 

(;) Joints shall then be covered with two (2) layers of 

insulating tape between ends of braid, which 

tape shall be heated sufficiently to form a tight covering, 
but not enough to injure the quality of the material. Coat- 
ing of insulating paint or com- 

tiound shall be put on over insulating tape and two (2) 
ayers of . adhesive or friction tape shall be 

applied, after which the outside of the joint is to be painted 
with insulating paint. 



Material. 

(a) Fuses shall be of the enclosed type. 
FUld vxuk. 

Q)) The aeceasary fuses to properly protect all appa- 
ratus and circuits shall be installed, 

(c) Fuses outside of buildings shall be enclosed in 
weatherproof boxes. 

(d) In the lighting circuits, a fuse shall be provided in 
the circuit to each signal lamp; ia the circuit to each 
set of lamps on a mast; in each branch circuit leaving 
the mains, and in each set of mains leaving the swit(^ 
board. 

(«> Double pole fi^e cut-o\it %\ia.\V \ie ^ravidod for each 
circuit on the power board. 
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(/) An additional double pole fuse culxiut shall be 
placed in storage battery leads as near as possible to the 
KMitteiy terminius. 

80. Tags. 

Makrial. 

(a) Tags shall be made of vulcanized sheet fibre, not 
less than one-sixteenth (Ho) inch thick, firmly attached to 
the wire by the best quality yacht marline onensixteenth 
Oio) ii^ch in diameter. 

(&) The tag shall have a stamped imprint to show the 
function of the wire. 
Field work, 

(c) Wires shall be tagged at all junction boxes, switches, 
signals, rday boxes, arrester boxes, and at all line wire 
connections, unless otherwise specified. 



FLUXES FOR SOLDERING AND WELDING 

Ton, Borax. 

rinned Iron, .... Resin. 
!k)pper and brass, . . Sal ammoniac. 

One, Chloride of zinc. 

Liead, Tallow or resin. 

liead and tin pipes, . . Resin and sweet oil. 

Steel, Pulverize — 1 part sal ammoniac, 10 

parts borax, and fuse omtil clear. 

When solidified, pulverize to powder. 



INSTRUCTIONS FOR SPLICING, SOLDERING, AND 
TAPING JOINTS IN RUBBER^JOVERED WIRE 

Stripping the Insulation 

When stripping the insulation, the knife blade should be 
leld at such an angle as one would use in shui>eniiig a pencil; 
io not hold the blade at right angles to the wire, as the wire is 
ipt to be nicked if this is done. 

Spuqng Stranded Wire to Stranded Wire 

Remove the insulation carefully from the end of each 
fdre for three to four inches,- according to the size of the 
Hire. Remove the braid about one inch further back from 
lie bare portion of the wire, being^ careful not to cut 1^^ 
ubbo*. If the strands become untwisted, Vinafc \«^<8?0ftsst va.^. 
lean tborougbly of rubber, leaving th^ ^wVr^ )Ditv^\.. 
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StArting as shown in Fig. 251, twist the wires together in tbe | 
■twular manner of making a line wire joint; cut oS Burpltu ' 
w&e, as shown in Fig. 2S2. and solder and tape as described i 
under "Soldering" and ■Taping," Sec Figs. 253 and 264 I 
for appearance of Boldered and finished joints. I 
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Splicing Strantjed Wire to Solid Wire 
Remove the insulation from the solid wire for about oi 
one-half inches and from the stranded wire for three t 
inches, according to the size of the wire. Remove the 
for about one inch back from the bare portion of the 
being careful not to cut the rubber. 




Em. 2i& 



ELECTRIC INTERLOCKINO HANDBOOK 



801 



Clean both stranded and solid wires, leaving them bright, 
[f the strands of the stranded wire become untwisted, twist 
them tcMgether and starting as shown in Fig. 255, twist the 
itrandea wire around the solid wire, leaving about the thick- 
ness of the stranded wire between the turns for about two 
turns, and then wind close; cut off the solid wire, leaving 
enough to turn an eye around the stranded wire as shown in 
Pig. 256. Solder and tape as described under ** Solderimr '* 
md " Tkping." ^ 
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Fio. 259 
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Fig. 260 
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Fio. 261 
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Fio. 262 
Splicinq Solid Wibs to Solid Wirs 



Sfucino Solid Wire to Solid Wire 

The insulation should be removed from four to six inches 
from the end of each wire. Remove the braid for about one 
inch from the ends of the insulation. The bare wire should 
be thoroughly cleaned of all rubber. Lay the two wires 
together so trnit the distance between the insidations will be 
about one and one-half or one and three-fourths inches, 
as shown in Fig. 259. Hold the middle of the joint with 
the pliers and twist the end of one wire around the other, 
ieavmg about one sixty-fourth inch between turns for solder 
to run in, as shown in Fig. 260. This winding should stop 
when the insulation is reached and the surplus wire then be 
eat off. The other end should be wound in this same man- 
ner and the middle part twisted for three or four tv3st^^. 
Solder and tape the jomt as described under ^^^c\dfisra!k9;i,^^ ^x:^^ 
"Taping. ' 
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Making T Joints in Stranded or Solid Wires 

Remove the insulation from the continuous wire where the 
joint is to be made for about one and one-fourth inches and 
the braid for about one inch beyond the ends of the insula- 
tion. Remove the insulation m)m the end of the tap wire 
in the same manner as described for joints in solid wire. Lay 
the end of the tap wire across the bare part of the continuous 
wire as shown in Fi^. 263 and wrap around the continuous 
wire as shown in Fig. 264, stopping when the insulation is 
reached. Cut off the surplus wu*e and solder and tape as 
described imder "Soldering" and "Taping.'' 

Fio. 267. Paballbl Joints 

Parallel Joints 

When two or more joints come side by side, as sometimes 
happens in parallel wires, one joint should be lapped bevond 
the other so as to leave at least three-fourths mch of the 
original insulation between the joints, as shown in Fig. 267. 

Soldering 

In soldering it is recommended that an approved solderine 
compoimd in stick form, such as Allen's Soldering Compoimd, 
be used. Joints should be soldered by pouring mdted solder 
over the joint or, if impractical to do this, the work should be 
done witn a well-tinned soldering copper having sufficient 
heat to thorou^hl>[ heat the entire joint. Never use an open 
flame for soldering joints. 
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Fxa. 268 

Fig. 269 
• Mbthod of Taping 

Taping 

All joints whether for inside or outside work must be taped 
with Okonite tape (or its equivalent) in the following manner: 
The tape should first be stretched to insure its laying ti^t t<(^ 
the wire. Start the tape close up to ^;Yi^ tvW^ Yw^aiCsss^ 
laee Fig. 268) and wind with a half \ap over t\i^ \oydJc ^iAtv^^J^^sssl 
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insulation to, but not over, the braid at the end; thence back . 
over joint and rubber iraulation to, but not over, the braid on ] 
the other end, and then baclt to where taping was started 1] 
(see Fig. 269). Warm the joint sufRciently to soften the tap 11 
Migbtly, squeezing the tape down with the hand to make it I' 
I sdnere closel;^ to the rubber insulation and to itself. 1; 

Black friction tape of good qualitv should be applied ovs I' 
tte rubber tape, using three-eightne inch tape for No. 16 1' 
wire or smaller, five-eighths inch tape for No. 14 to No. 10 \ 
wire inclusive, and three-fourths inch tape for wires larger , 
than No. 10. Start the tape near the middle of the joint and ' 
using a half lap, wind about one-half inch beyond the braid 
at one end; then back to one-half inch beyond the braid 
at the other end, thence back and finish near tne middle of the 
joint. In order to make a neat, strong joint, it is necessary to i 
draw the tape tight during the whole operation. 

See Pigs. 254. 258, 262, and 266 for appearance of finished 
joints. Care should be taken to keep the nands free from oils I 
or grease, as these will injure both the rubber tape and the J 
«dl^ve qualities of the friction tape. I 
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HARD-DRAWN COPPER WIRE 
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COMMON RETURN WIRE 
DaTBUUHATioH Or TBK RiqciuD Sam Wiaa roB t. 
Lbnoth or CoHUON 
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REIATIVE COMPARISOPf OF COPPER AND ALUMINUU 
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CBNSIONS OF RAILWAY SIGNAL ASSOCIATION STANDARD 
RUBBER-COVERED COPPER WIRE 



Use of Wire 
. A 8. Gauge 


Diameter of 


Thiokneflsof 


Thlckneasof 
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Tiwilatton 
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lOTB. — For each additional braid add four nzty-fourths inehea to total 
netOT. For each layer of tape add two sixty-fourths incAies to total 
neter. 



PENSIONS OF MANUFACTURER'S ENGINEERS' STANDARD 
RUBBER-COVERED COPPER WIRE 



EC of Wire 
4c 8. Gauge 


Diameter of 


Thickness of 'Thickness of 


Thickness of 
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roTB. — For each additional braid add four a.Ttv-lo>xc\>ckaVEv(^«& V^,Xa\s^ 
neter. For each additional layw of tape add t^o KLx\.'9-io>a3!Ci^& vBk-<£^«^ 
9ts/ diameter. 



TRUNKING, JUNCTION BOXES AND 

SUPPORTS 



EXTRACT FROM R. S. A. SPECIFICATION FOR 
ELECTRIC INTERLOCKING (1910) 

700. Tbunking 

Material. 

(/) Trunkmg, when on stakes above ground and run- 
ning parallel with the track, shall not be placed nearer 
than six (6) feet from the gauge side of the nearest nul 
except by special permission. 

(flr) Local conmtions shall determine the hdcdit of 



trunking when above ground; in general, when trunkii^ 

" Iff shaU 
be placed approximately six (6) inches above ground. 



is run parallel with the tracks, bottom of trunkini 



U) Nails snail not be driven through the trunking froin 
the inside of the groove nor shall they be driven into the 
groove from the otitside. 

(/) Inside comer of trunkinff , at turns, mxist be rounded 
to prevent insulation on wires oeing injured. 

(k) Surfaces of trunking that are to be painted shall be 
finished. 

(f) Not less than one-third m) of the capacity of the 
groove shall remain free for the further installation of 
wires. 

(n) As specified, capping shall be securely fastened to 

trunking with < ^ ^ails^ J ^^*® books may be used on 
main runs of trunking and nails on cross leads. 

703. Joints in Trunking 

(o) Unless otherwise specified, joints in ^ooved trunk- . 
ing shall be lapped, the ends of trunking being beveled at 
an angle of forty-five (45) degrees. 

(&) Joints in built-up trunking shall be staggered. 

(c) Joints in capping shall be made at least one (1) 
foot from joints in trunking. 

705. Trunking Supports 

Material. 

(a) Stakes shall be made of three (3) 

inches by four (4) inches, or of equivalent circidar sec- 
tion and of sufficient length to allow them to be placed at 
least two (2) feet in the ground. When, due to local re- 
G^uirements, stakes of a greater length than three (3) feet 
SIX (6) inches, or a greater cross section than three (3j 
inches by four (4) inches will be necessary, information as 
to the number, lengtVi, and cxoaa «wi>aaTL ^«^ Vj^ tumished 
by the Purchaser to the ContWkCloT. 



\ 
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Field foork. 

(&) Trunking above eround shall be supported on stakes 
placed not more than five (5) feet centers. 

(d) Stakes supporting trunkine shall be placed verti- 
cally and extena at least two (2) feet below ine surface of 
the ground, unless otherwise specified. 

(e) A piece of capping eignt (8) inches long and the 
width of the trunking shall be placed between the trunk- 
ing and each stake. 

(/) Each joint in the bottom of the trunking shall be 
supported by a stake. 

710. Junction Boxes 

MaUrial, 

(a) Jimction boxes shall be made of and 

so designed that terminals will be kept dry. Each junc- 
tion box shall be fitted with a cover, nasp, and staple. 

(5) Where ten (10) or less wires are used, junction 
boxes shall be sixteen (16) inches square by twenty (20) 
inches deep, inside dimensions, and shall be increased six 
(6) inches in length for each ten (10) additional connec- 
tions or fraction thereof made in the box. 
Field work, 

(c) Junction boxes shall be located as shown on 

drawing and at a height 

sufficient to allow terminals to be placed at least six (6) 
inches above top of trunkine. 

(d) Jimction boxes shall be supported in the same 
manner as the trunking. 
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SECTION XIV 



PORTLAND CEMENT CONCRETE 



COVERING DESCRIPTION OF CLASSES 
OF CONCRETE, METHODS OF MIXING, 
AND TABLES OF VOLUMES OF MATE- 
RIALS REQUIRED 



re 



I 



PORTLAND CEMENT CONCRETE 

Storing 

IK storing cement, wooden blocks should be placed on the 
Hoor and covered with boards; the bags of cement should be 
piled on this to a depth of six or eight layers, keq)ing 
the piles six or eight inches away from the walls of the 
i building so as to obtain a free circulation of air on all sides. 
' The cement should be covered with canvas or roofimg paper. 
The place chosen for storing the cement shoidd be as drv as 
possible, as cement absorbs moisture from the atmoephm 
with (preat readiness, soon becoming lumpy or even a solid 
>, mass if the storehouse is at all damp. In this condition it is 
useless and should be thrown away. Lumps caused by 
ressure while being stored must not be mistaken for cement 
bat has been wet and has then hardened; lumps caused by 
pressure are easily broken, the cement being perfectly good. 

Portland cement is shipped in paper bags or cloth sacks, 
the second means bemg recommended as best for the average 
user. 

Proportions of Materiai^ for (Concrete 

A Rich Mioeture, with proportions of 1 : 1% : 3, is used for 
columns or other structural parts subjected to high stresses 
or requiring exceptional water-tightness. 

A standard Mtxhire, with proportions of 1 : 2 : 4, is used for 
mnforced floors, beams, and columns, for arches, for rein- 
forced engine or machine foundations subject to vibrations, 
for tanks, sewers, conduits and other water-tight work. 

^ A Medium Mixture, with proportions of 1 : 2% : 5, is used for 
ordinary machine foundations, retaining walls, abutments, 
piers, thin foundation walls, building walls, ordinary floors, 

. sidewalks and sewers with heavy walls. 

" A Lean Mixture, with proportions of 1 : 3 : 6 and 1 : 4 : 8, is 
used for unimportant worK in masses, for heavy walls, for 
large foundations supporting a stationary load and for stone 
masonry backing. 

Consistency of Concrete 

A Medium or Quaking Mioeture, of a tenacious, lelly-like con- 
sistency which quakes on ramming, shall be used for ordinary 
mass concrete, such as foundations, heavy walls, large arches, 
piers and abutments. 

A Wet or Mushy Concrete, so soft that it will not require 
lamming, shall be used for rubble concrete, and for reinforced 
concrete, such as thin building walls, columns, doors, con- 
duits and tanks. 

A Dry Concrete, of the consistency of damp earth, may be 
employed in damp locations for mass fouTida.t\OTA, ^Y^Odlxsssss^ 
stand severe compressive strain witMn OTie moutiti ^^Xj^t "^^"^^^^^^ 
; providing it is spread in six inch Aa-^ec^ ^tA xMDcais»^ 
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pile at each stroke. This operation will have moved tl 
tion of the pile about two feet. Reversing the direci 
the operation brings the pile to its original position, b 
mixea condition. By cutting into the pile with a sho 
idea of the unif ormify of mixing can easihr be obtaine 
appearance of streaks indicates the need for another t 
If the mixture is of uniform color, the required amc 
stone may be distributed over the pile, which should be 
in the same manner until thoroughl^r mixed. Water 
added and the mass again turned until the desired cons 
is secured. 

Mduno (Concrete by Machine 

Recent experiments conducted on the strength of n 
concrete mixed for varying periods indicate that the im 
must remain in agitation with the water for at least 
minute. The tendency to rush work is not productive < 
concrete, and should, consequently, be curbed. In g 
machine mixing where carefully controlled is superior t 
work, since fatugue of the workman has no influence u] 
thoroughness ofmixing. 

Cautions 

On adding water to the dry cement it becomes a soft, 
paste, and will remain so for about one-half hour 
which it begins to harden or ''set." To disturb the c 
after this initial set has started means a decided loss in st 
while to disturb it after the set is well under way mi 
■^ I! destroy the concrete. It should, therefore, be reme 

that rortland cement concrete must be placed in j 
within twenty or thirty minutes from the time aft( 
first wet. 

A green cement mixture, which can be easily froze 
temperature below 32 degrees Fahr., should be pr 
from exposure by placing canvas or roofing paper o\ 
form and covering this with four or five incnes of es 
straw. Freezing does not materially affect the binding q 
of good Portland cement, provided the concrete is n< 
jected to alternate freezing and thawing, does not 
until after placing, and \a iiot ^>3^i'^fecX,fe^ \.c» -axvY ^^^ 
it has been thawed out aivd sWo^wed \.o *' ^^V' ycv S> 
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way. It is safest to avoid mixing on days when the tem- 
perature is below the freezing point, that is 32 degrees 
Fafar. If it is necessary, however, to make concrete under 
these conditions, the sand, water and stone shoidd be heated, 
and if the cold is severe, salt should be added in proportions of 
two pounds to each cubic yard of concrete. 



EDITOR'S NOTE 

AlOiove article baaed on data furnished by Universal Portland 
Cement Company. 
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R. S. A. SPECIFICATIONS FOR PORTLAND CEMENT 

CONCRETE (1912) 

1. General 

These specifications are for making concrete as used in 
signal construction. 

2. Cement 

Cement shall be Portland, either American or Foreign, 

which will meet the reqiiirements of the 

specifications. 

3. Sand 

Sand shall be clean, sharp, coarse, and of grains varying 
in size. It ahaXL be free from sticks and other foreign 
matter, but it may contain clay or loam not to exceed five 
(5) per cent. Crusher dust, screened to reject all particles 
over one-fourth (H) inch in diameter, may be used instead 
of sand, if approved by the Engineer. 

4. Stone 

Stone shall be sound, hard, and durable, crushed to sizes 
not exceeding two (2) inches in any direction. For rein- 
forced concrete, sizes usually are not to exceed three- 
fourths (%) inch in any direction, but may be varied to 
suit character of reinforcing material. 

5. Gravel 

Gravel shall be composed of clean pebbles of hard and 
durable stone of sizes not exceeding two (2) inches in 
diameter and shall be free from clay and other impurities 
except sand. When containing sand in anv considerable 
quantity, the amoimt of sand per unit of volume of gravel 
snail be determined accurately, to admit of the proper 
proportion of sand being maintained in the concrete 
mixture. 

6. Water 

Water shall be clean and reasonably clear, free from 
sulphuric acid or strong alkalies. 

7. Measure 

The unit of measure shall be the barrel, which shall be 
taken as containing three and eight-tenths (3.8) cu. ft. 
Four (4) baes containing ninety-lour (94) pounds of 
cement each Siall be considered tne eqmvalent of one (1) 
barrel. Fine and coarse a^greg^tea «2baJ\ \ife TwaMsa^ 
separately as loosely thrown mto t\ie meajaRxnaiJi,x«t^'^»s»fc' 
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Density of Ingredignts 

(a) For pipe carrier foundations and reinforced em 
crete, a. density proportion baaed on 1:6 ia recommenda 
i. e., one (11 part of cement to a total of six (6) parts < 
fine and coarse a^regate^ measured separately. 

(6) For signal and other foundations made in place 
denaicy proportion l>ased on 1 ;9 is recommended, i. e., ot 
(1) part of cement to a total of nine (9) parts of fine all 
coarse aggregates me&aured separately. 



(o) Tight platforms shall be provided of sufficient sli 
to accommodate men and materials for progressive as 
rapid mixing. Batches shall not exceed one (1) cu. p 
and smaller batches are preferable. 

(6) Spread tbe sand evenly upon the platform, then tl 
cement upon the sand, and mix thoroughly until of a 
even color. Add all the water necessary to make a tlU 
mortar and spread again; add the gi^vel if used, an 
finally the broKen stone, both of which, if dry. should Bit 
be thoroughly wet down. Turn the mass with shovelH i 
hoea until thoroughly incorporated, and all the gravel an 
Btone ia covered witn mortar; this will probably requil 
the mass to be turned four (4) times, 

{e) Another approved method, which may be permitte 
at the option of the Engineer in charge, is to spread th 
sand, then the cement and mix dry, then the gravel c 
broken stone. Add water and mix thoroughly aa abovi 

(d) A machine mixer may be used whenever the voluir 
of work will justify the expense of installing the plan 
The necessary requirements for the machine will be ths 



10. Consistency 



The concrete will be of such conaiBtency that whe 
dumped in place it will not require much tamping. ' 



11. Forms 

(a) Where necessary, forma shall be well built, substai 
tial and unJ^elding, properly braced, or tied together b 
means of wire or rods, and shall conform to lines given. 

(b) For all important work, the lumber used for fat 
work shall be dressed on one (1) side and both edges to 
uniform thickness and width, and shall be sound and frt 
from loose knots, secured to the studding or uprights i 
horizontal lines. 
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(c) For backings and other rough work undressed lum- 
ber may be used. 

(d) Where comers of the masonry and other projections, 
liable to injury, occur, suitable moldings shall be placed 
in the angles of the forms to roimd or bevel them off. 

(e) Lumber once used in forms shall be cleaned before 
beinsused again. 

(/) The forms must not be removed within thirty-six 
(36) hours after all the concrete in that section has been 
placed. In freezing weather they must remain until the 
concrete has had a sufficient time to become thoroughly 
hardened. 

(g) In dry, but not freezing, weather the forms shall be 
drenched with water before the concrete is placed against 
them. 

12. Disposition 

(a) Each layer shall be left somewhat rough to insure 
bonding with the next laver above; and if it be ah*eady 
set, shall be thoroughly cleaned and scrubbed with coarse 
brushes and water before the next layer is placed upon it. 

(jb) Concrete shall be deposited in the molds in layers of 
imiform thickness throughout. 

(c) The work shall be carried up in sections of convenient 
length and each section completed without intermission. 

(d) In no case shall work on a section stop within eight- 
een (18) inches of the top. 

(e) Concrete shall be placed immediately after mixing 
ana any having an initial set shall be rejected. 

13. Facing 

(a) The facing will be made by carefully workine the 
coarse material back from the form by means of a shovd 
bar or similar tool, so as to bring the excess mortar of the 
concrete to the face. 

(&) About one (1) inch of mortar (not grout) of the 
same proportions as used in the concrete may be placed 
next to the forms immediately in advance of tne concrete. 

(c) Care must be taken to remove from the inside of the 
forms any dry mortar, in order to secure a perfect face. 

14. Finishing 

(a) After the forms are removed, which should generally 
be as soon as possible after the concrete is simciently 
hardened, any small cavities or openings in the face shaU 
then be neatly filled with mortar. The entire face shall 
then be washed with a thin grout of the consistency of 
whitewash, mixed in the same proportion as the mortar 
of the concrete. The wash shall be applied with a. brw&\s.. 
The earlier the above operations are perloTme^^DckftXi^S^Xsst 
wW be the result 
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(b) The top surface of all crank, compensator, well hole, 
lock, dwarf, and high signal foundations ahall be nibbed 
BiniMth by hand and Bhall be true to grade and line. 

15. Waterproofing 

Where wateiproofinj; is required, a thin coat of mortar 
or zrout shall be applied for a Knishing coat upon which 
shall be placed a covering of suitable waterproofing mate- 
rial. 

16. Freezing Weather 

Concrete to be left above the surface of the ground shall 
not be constructed in freezing weather, except by special 
instructions. In this case the sand, water and broken 
stone shall be heated, and in severe cold, salt shall be added 
in proportion of about two (2) pounds per cu. yd. 

17. Reinforced Concrete 

Where concrete ia deposited in connection with metal 
reinforcing, the greatest care must be taken to insure the 
coating of the metal with mortar, and the thorough com' 
pacting ot the concrete around the metal. Whenever it I 
IS practicable the metal shall be placed in position first. 
This can usually b« done in the case where the metal 
occurs in the bottoms of the forms, by supporting the 
metal on transverse wires, or otherwise, and then flushing 
the bottoms of the forms with cement mortar, so as to get 
the mortar under the metal, and depositing the concrete 
immediately afterward. The mortar for flushing the bars 
shall be composed of one (1) part cement and two (2) parts 
sand. The metal used in the concrete shall be free from 
dirt, oil, or grease. All mill scale shall be removed, by 
hammering the metal, or preferably by pickling the same 
in a weak solution of muriatic acid. No salt shall be used 
in reinforced concrete when laid in freezing weather. 



SECTION XV 



WRITTEN CIRCUITS 



INCLUDING NOMENCLATURE OF OPER- 

ATED UNITS, CIRCUITS, AND WIRES, 

WITH TYPICAL ILLUSTRATIONS 



WRITTEN CIRCUITS 

WRITTEN Circuits, as hereafter described, have been de- 
signed to overcome the faidts in the old method of 
cinniit drawinjg which developed upon attempting its 
application to large interlocking installations. 

A circuit plan for an interlocking, drawn up by the old 
method, consisted of a track plan, more or less to scale, on 
which plan symbols of the various pieces of apparatus were 
shown, placed as far as possible in tneir proper relative posi- 
tions; such points as shoidd be electrically connected were 
joined by lines representiiu; wires. 

While this metnod has Been of great value in the past and 
still remains so for tvpical circuits, automatic signal work and 
small interlocking plants, the plans run into such size when 
used for large mterlocking installations as to practically 
prohibit its use in connection with that class of work. 

It is true, furthermore, that a great deal of unnecessary 
labor is involved in both (hrawing and deciphering the circuits. 
For example: The engineer in miwiag up such a plan begins 
with some simple sketches, perhaps using s^rmbols of his own 
invention. After carefully checking these circuits and assur- 
ing himself of their correctness, he converts them into the 
rather elaborate form described above, in which the attempt 
to keep down the size of the plan is very apt to result in a 
cramped arrangement of apparatus and a tangle of wires. 
When the man on maintenance or installation wishes to make 
use of these circuits, he has to reverse the process and reduce 
the composite drawing to its simple elements. 

Written circuits have been designed to eliminate this im- 
necessary work and especially to secure plans in which the 
complete circuit for any given switch, sig^, or other function, 
can oe written on a paee of ordinary size without crowding, 
these pages being bound together in a book which will easily 
and instantlv permit reference to be made to any portion of 
the wiring of tne plant. 

A set of plans drawn up in accordance with this method 
involves the following: 

1. Location Plan, This shows the relative location of 
track, interlocking station, switch and signal functions, track 
rda^rs, switch circuit controllers, etc. Notes, such as for the 
routine of signal arms, should be included on this plan. 

2. Typicctl Plan of Special Circuits, This shows what is 
proposed to be accomplished in route locking, etc., these 
circuits to be drawn up either by the old method, or in ''written" 
form, as desired. 

3. Typical Plans of Signal Circuits, Switch Circuits, etc. 

4. Special Circuits, made up in ** written" form. Tcnss^ 
special circuits are separated so that cVremtA i[io\. ^^tix^^^^^a^ 
U)getherare kept entirely apart from eacVi o\i>ck«,\«sa«g>^s:^=^^'^ 
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up on separate aheete. This deiirable feature causes the i 
"written circuits to be exceptionally clear and permits thor 
being readily eraapcd. 

5. Detaii Wiring Plant. It may be helpful under certain 
conditions to add to the circuits listed above, detail plana 
ahowing the wiring for the indicator group and interlocking 
machine. 

In drawing up such circuits it is necessary to use a nomen- 
clature for naming the apparatus and to adopt ayinbols to be 
used in writing the circuits. A nomenclature of operated units 
and of circuits, which has beea used for some time by the 
General Railway Signal Company and found thoroughly 
practicable is given on the following: pagas. 

On page 337 is given a nomenclature of wires. It is to be 
understood that this is equally applicable to written circuita 
or to circuits drawn up by the older methods. 



NOMENCLATURE OF OPERATED UNITS 
. A — Approach Relay or Indicator. With number as pre- 
fix, indicating number of principal signal up to which the 
approach section controlling same leads, as lOA. 

B — Positive Battery Wire. Used alone where only one 
battery voltage is in use. When used with H as a 
suffix (BH) indicates 110 volt battery. When used with 
L as a Bufflx (BL) indicates low voltage battery. When 
more than one low voltage battery is used with dif- 
ferent voltage, use number indicating voltage as further 
BufRx, as BL-10, indicating 10 volt battery. 

C — Comnum Wire. Used alone when only one common is 
in use. When used with H as a auffijt (CH) indicates 
110 volt common. When used with L as a suffix (CL) 
indicates low voltage common. When more than one 
high voltage or low volt^e common is used, use num- 
bers as further suffixes. (CH-1, CH-2. CL-1, ete.) 

D — Reloji or Indicator Controlling the Ninety Degree Posi- 
tion or Distant FuTteiion of a Signal. With prefix indi- 
cating the number of principal signal which it controls, 
as lOD, indicating relay or indicator controlling the 
ninety degree position of signal No. 10, or sign^ No. 
10 if it is a distant signal in two position signaling. 

E — Special Relay or Indicator (other than T, D, H, K, or F 
relays and indicators). With number as prefix indi- 
cating number of principal unit entering into its control, 
or indicating principal unit which it controls. 

F — Relay or Indicator Repeating a Track Relay or Signal. 
With number as a prefix indicating number of relay or 
signal which it repeats, aa 10^. 
^^ — Floor P-mh. 
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G — Switch Indicator, With number of signal governinff 
throiu^h block in which switch is located as prefix, as lOG. 
H — Relay or Indicator Controlling Forty^five Degree Position 
or Home Function of a Siqnal. With prefix indicating the 
number of principal signal which it controls, as lOH, mdi- 
cating relay or indicator controlling the fort^-five degree 
position of signal No. 10, or signal Mo. 10 if it is a home 
signal in two position signaling. 
J — Junction Box or Terminal Board. With arbitrary num- 
ber as prefix, as 10 J. 
K — Lock Relay, Used in connection with route or detector 
lockine for interrupting the current supply to switch 
and oerail machines, etc., with number as a prefix, 
indicating track section affected by it, as lOK. 

KS— Knife Switch. 
L — Lever Lock, With prefix indicating number of lever 
which it locks, as lOL, meaning lock on lever No. 10. 

LA — Lightning Arrester. 

LC — Laich Contact. With prefix indicating number of lever, 
aslOLC. 

M — Man-hole. With arbitrary number as prefix, as lOM. 

PB — Push Button or Strap Key. 

PC — Pole Changing Relay. With prefix indicating number 
of signal at which relay is located or number of signal 
controlled by it. 
S — Stick Relay. Used in connection with route locking. 
With number as prefix, as lOS, meaning stick relay 
locking route of signal No. 10, or locking operated units 
in track section lOT, if separate stick relays are used 
for each track section. 

SL — Oudying Switch Lock. With number as prefix indi- 
cating number of controlling lever. Use arbitrary 
num^ if there is no controlling lever. 
T — Track Circuit. With number as prefix indicating num- 
ber of track circuit, as lOT, which is also the name of 
the track relay for track circuit lOT. 

NoTB. — Hie number for the track circuit is taken from the following in 
the order given: 

M. P. Frog or 

Switch or 

Derail or 

Arbitrary numbers 01, 02, 03, etc. 

TL — Traffic Lock. With prefix indicating number of lever 

which it controls, as lOTL. 
TP — Telephone. 
TR — Time Release. With number as prefix indicating 

principal imit which it releases, as lOTR. 
V — Electric Slot. With number of sig^l «j& ^t^^tl, ^a» ^SS^ . 
XB — Crossing Bell. With arbitrary iMm\i«c ^"a v^to., ^mSg. 

as lOXB. 



i 
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NOMENCLATURE OF CIHCUITS 

Symboib for Operated Units 

An operated unit (aigniil. relay, iodicator, etc.) is repre- 



e degree mechanism of a three-poaition signal 



And the ninety degree thus: 



CmCUlT CONTEOLLBHS QPiaiATED BY SWITCH POINTS 

Closed when switch is normal,. . . lo — - !!!" " 

Closed when switch ia reversed, . . . — fio) 

Closed when switch is normal and 

locked io position, I ,o I 

Closed when switch ia reversed and 

locked in position, li'^l 

Circuit Controllers Operated by Signals 

Closed aX 0" only, }° 

Closed at 45° only, «L. 

Closed at 90° only, io_ 

Closed at 60° only, ^^ 

Closed between 0° and 45° io 

C/osed between 45° and 90", ^c., . . to 
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Circuit Contbollbbs Operated by Levebs 

N B C D R Symbol 



U normal position of lever, 
rmal indication position, 
yermediate position, 
verse indication position. 
11 reverse position. 

horixontal line indicates portion 
of lever through whioh circuit is 



± 


1 1 


1 




1 


I 




k 1 


1 










+ 






! 


1 




1 4 1 




1 


I 






i- 




1 






1 






1 












1 








' 1 




• 










1 


""""T 




1 






• 


1 


! 1 T~^ 




1 1 1 




> 1 

1 -f ' 






1 




1 t 

1 


1 








"^" 




1 






- 1 




1 


N 


^^ 


1 1 1 





+ 




Relay and Indicatob Contacts 

^ Relay Number 

front contact ,ot 

back contact, jot 

polarized contact, \wt\ 

) polarized contact, ||ot 

3diate contact on three-posi- 
slay: Closed when relay is 
ized > 10T ^ 

Time Release Contact 

ly closed ^o-i^j 

yopen, xoT^ 
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Latch Contact 



, Normally dosed, 

Normally open, iolc ■ 

I PxraH Button or Strap Key 
Normally closed, \p^ 

i Norm&Uy open, . pb 

Knife Switch 

I Ifbnnally closed, ikbj ■ 

) Norroallyopen, . ks 

' Luminal 'Q-i Meaning terminal in junctioa box 

No. 10 or on terminal board No. i 

10. 

' Note.— amull oumbera milten aa eiprnicpM tn the right luid mbon 
(day DUiDben, Ibvct numbttm, etc., iorlitate coaUct uumbsrs. 

m_. ._ J! a are numljered tmca left to right Icnkiiil 



I toward Iho [day. 



Graphical Symbois fou Circuit Controllers 
Operated by Levers 

Model 2, inlerlockmg machiue. 

Lever Contact Numhbbing 

Uodel 2, iaterlockinE machine. 

fiCTTTOM Top 

13 5 7 

U U U M »-«« 

|H] 14 [HI [HI »— 

2 4 fc % 
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NOMENCLATURE OF WIRES 

The matter of primary importance in naniing wires is to 
have a di£ferent name for eacn wire and have it so shown on 
both the plan and suitable tags attached to the wires: tUs in 
order that a wire on the ground may be quickly identified on 
the p]bn. 

At the same time it is highly desirable to have a wire nomen- 
clature system that is suggestive, so as to reduce, as far as 
possible, the necessity for reference to plans. 

On account of the midtitude of circuit combinations possible, 
a system must be rather elastic. With all of the above taken 
into consideration, the following is submitted as a practical 
system of wire nomenclature. 

Nom. — Names of wires are shown on plans in brackets, thus: (lOD). 
Number of cable containing a wire may be written above and at nght 
angles to the wire, thus: o 

I — Indication Wire, With number of unit which it indi- 
cates as prefix, as 101. 
LL — LighJtxng Wire, 

N — Normdi Control Wire. With number of operated unit 
which it controls as prefix, as ION. 

P — Ninety Degree Control Wire, With number of signal as 
prefix, as lOP. 

R — Reverse Control Wire, With number of operated unit 
which it controls as prefix, as lOR. If 10 is a tnree-position 
signal, lOR is the name of the forty-five degree control 
wire. 

V — Slot Wire, With number of signal as prefix, as lOV. 

X — Wire going to positive battery through a circuit con- 
troller on a signal closed in the zero degree position only, 
with the number of the signal as a prefix, as lOX. 

Y — Wire going to positive battery throi^h a circuit con- 
troller on a signal closed from zero to ^rty-five degrees 
onhr, with the number of the signal as a prefix, as 10 Y. 

Z — Wire going to positive battery through a circuit controller 
on a si^poal closed in the clear position if the signal is a 
two-position signal, or closed from forty-five to ninety 
degrees if the signal is a three-position signal, with tne 
number of the signal as a prefix, as lOZ. 
Wires not covered by the above are named as follows: 
A wire leading from the operating coil of a unit toward 
battei]y positive takes the name of this unit, as lOH, meaning 
the wire from the coil of home control relay for signal No. 10 
leading to positive. After passing through a circuit controller, 
it takes the number ''1" as a suffix, as lOHl. This suffix 
number increases by one as the wire successively breaks through 
additional controllers. 

The wire Jeadii^ from the operating coW t^ \>^\X«c^ xi^^^Jo^^^ 
takes the name of the unit with thelettet "C ^a ^ v^^&x., "^a^ 



SIGNAL COBIPaNY 



ClOH, and after breaking through 
mitten ClOHl. C10H2, etc. 

The above method applies directly to simple circuits taaviiij 
tto branches, thus: 



In cases ot branch wiring this method ia applied directly M 
the principal circuit — circuit for superior route. The first 
Ivanch from this circuit takes the suiSses 21, 22, etc., instead 
of 1, 2, etc. The second branch 41, 42, etc., thus continuing 
illowing twenty numbers for each branch. 




ELECTRIC INTERLOCKINO HANDBOOK 



889 



ILLUSTRATIONS 

strative of "Written Circuits" and "Wire Nomen- 
e, " is shown in Fig. 274, a section of an interlocking 
with the special circuits usied in connection with such an 
;ement. In accordance with the instructions eiven under 
ktion Plan" on page 331, the track plan witn the rela- 
>cation of signal and switch functions, track relays and 
terlocking station with its indicators, rediays, etc., is shown. 
3W the track plan are shown the special circuits drawn 
written form. Referring to the sheets of nomenclature 
. on the preceding pages, it will be seen that the circuit 




Fio. 275. Signal Selscting Cibcdit 

at the top is for the control of the annunciator for 

No. 1, this taldi^ low voltage battery through front 
ts of the track remys for sections 03T and 02T. Sim- 
the control of lock IL takes battery through normally 

contact No. 2 of screw release ITR, the front point of 
relay 3F, the front point of contact No. 2 of stick relay 
1 the latch contact of the lock itself; the current after 
g thorough the lock goes to the low voltage common 

Information regarding the operation of this type of 
I circuit may be had by reference to the Section on 
^c Locking Circuits" (page 133). 

275 illustrates the method of writing a signal selecting 
This is included principally to show the application of 
ire nomenclature to the different branches of the same 
. The wires of each branch are designated in the same 
r as in the i^^cipal circuit but witli th& CEo&Kfi&*^/2rL<, 
41, 42, 43, etc., these dependini^upou t\i« ot^« yh^t^^Sb. 
fer&it branches are taken from t&e pTmc\:^«2L c^xc^^a^'- 



V. 



• ■ > 



SECTION XVI 



SIGNAL ASPECTS AND SYMBOLS 



COVERING STANDARDS ADOPTED BY 
THE RAILWAY SIGNAL ASSOCXATION 



w 



SIGNAL ASPECTS AND SYMBOLS 



R. S. A. PRINCIPLES OF SIGNAL INDICATIONS 

(1906) 

(a) On all high signals conferring or restricting rights a 
red light shall be the night indication for stop. A yellow 
light shall be the night indication for caution, and a green 
light the night indication for proceed. 

Note. — The word caution to be used as indicating the function of 
a distant signal. 

(&) The day indication of semaphore signals shall be 
given in the upper right-hand quadrant. 

(c) The semaphore arm in tne horizontal position shall 
indicate stop, mclined upward forty-five (45) degrees, 
CAUTION, and inclined upward, ninety (90) degrees, 

PROCEED. 

SIGNALING PRACTICE AS DEFINED BY THE 

R. S. A. (1913) 

Memorandum on the Essentials op Signaling 

Incorporated in the Report of the Committee on Trans- 
portation of the American Railway Association, May, 1911. 

''The reports of various Committees of the Railway Signal 
Association and of the American Railway Engineering J^so-* 
elation on the subject of signaling have been submitted to this 
Committee, with tne request that the essentials of signaling be 
outlined or defined for the future guidance of their Committees. 

The subject has been carefuUy anal)rzed and considered. 
There are three signals that are essential in operation and 
therefore fundamental, viz: 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

The fundamental, "proceed with caution," may be used 
with the same aspect to govern any cautionary movement; 
for example, when : 

(a) Next signal is "stop." 

(b) Next signal is "proceed at low speed." 

(c) Next sigjnal is "proceed at medium speed." 

(d) A train is in the block. 

(e) There may be an obstruction ahead. 

There are two additional indications which may be used 
where movements are to be made at a restricted speed, viz: 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Where automatic block svstem rules are in ^^c^^.^ ^ ^^fdo^ 
mark of some distinctive charactcar b1io\iV^ \>^ ^^'^\^ ^ ''^^t^ 

i 



FVU GENERAL RAILWAY STQNAI. COMPANY 

The Committee therefore recommends; 

Signal Fundamentals 

1. Stop. 

2. Proceed with caution. 

3. Proceed. 

Supplementary lodicatioDS to be Used Where Required. 

4. Proceed at low speed. 

5. Proceed at medium speed. 

Stop itignals operated under automatic block system rules 
■houla be designated by some distinctive mark to be deter- 
miued by each road in accordance with local requirements." j 

RECOUUi:NDATtONS OF COMMITTEE I '' 

Your Committee submits for approval the following two 
Kfaemes o( mpisMag in conformity with the recommendations 
■ of .the Committee on Transportation, 

Scheme No, 1 
, Fundamentals 



Proceed with caution, 



As means of designating atop signals operated under auto- 
matic block system rules, the following are suggested: 

1. The use of a number plate; or 

2. The use of a red marker light below and to the left of 
the active light; or 

3. The Aise of a pointed blade, the blades of other signale 
giving the stop iodication bavin^ sojiatB eiida'. or 

4. A combination ol these d^atijiginAmtlca-^aiiat, 
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Scheme No. 2 



Supplementary 
Fundamentals mllcatlons 



1. Stop, 



• • • 



\0 



2. Proceed with caution, 



1^ 



• • • • 



J] 



3. Proceed, 



• • 



tD 



4. Proceed at low speed, v^ 



5. Proceed at medium speed, 



u 



As means of designating stop signals operated under auto- 
matic block systems rules, the following are suggested : 

1. The use of a number plate ; or 

2. The use of a red marker light below and. to the left of 
the active light; or 

8. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends ; or 

4. A combination of these distinguishing features. 

Having in view the practice of indicating diverging routes 
by sevoal arms on the same mast, the Corcvm\\Xftfe ^so^sccci^^ 
for approvaJ the foiiowing to eatabW&Yi umiarcoLSfc^ vc^. *Cks.^ 
prsLctiee: 
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Scheme No. 3 








3 


=1 


=1 


1. 


Stop 












f 


P 


f ' 


Proceed with caution, ..... 


or 


3 **'■ 


n 



. <? or j<? or fO 



5. Proceed on low-speed route, . . D or 



or^O 



6. Proceed with caution on medium- 



<? 



7. Proceed on medium speed route, 
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n 



8. Reduce to medixun speed, 



1^ 

D 



or 



As means of designating stop signals operated under auto- 
matic block system rules, the following are suggested: 

1. Theuseof a number plate; or 

2. The use of a red marker light below and to the left of the 
active light; or 

8. The use of a pointed blade, the blades of other signals 
giving the stop indication having square ends; or 

4. A combmation of these distinguishing features. 

The above three schemes are submitted, after an earnest 
effort to carry out the Committee's instructions to submit a 
uniform scheme of signaling, with the idea that each scheme 
is complete in itself. 



SIGNAL DEFINITIONS 

A "non-automatic" signal is one which is in no way con- 
trolled by track circuit. 

An "automatic" signal is one, the priniar:^ control of which 
is the track circiut, or in other words, it is a signal which 
automatically gives indication in regard to the integrity of 
the track tmx)ugh its block. 

A "semi-automatic" signal is a manually controlled auto- 
matic signal and may, or may not, be interlocked. As to 
whether It is, or is not, interlocked, will be apparent from its 
position on the plan and its relation to other signals. It Is 
to be understood that this manxial control is direct, and that 
a signal is not to be considered semi-automatic because some 
feature of its control is dependent upon another signal which 
is xnanuallv controlled. The term "slotted" refers only to a 
xnechanical signal equipped with an electric slot. 

A "stick s^ni-automatic " signal is a semi-automatic signal 
which will not clear automatically after it has been put to 
stop by interruption of the track circuit. It cannot be cleared 
a^un until the manually operated device controlling it has 
been restored normal and reversed once more. 

A "non-stick-automatic" signal operates automatically as 
long as all contacts (lever, signual, controller, etc.)» other than 
track relay contacts affecting its control, are closed. 
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R. B, 


^. S'i'MBOLS FOR SIGNALS 
Platb 1 (Ociobef, 1012), 






'Tw-AuttlUTlt 


:a„.tL ""i™ 


BT" „„. 


s^ 


a^m. 






POMB 


lMn.0 Stiw. 








r 


tn 


;j 


& tn 


CD f::3 


te 


telHM. 


Ot.SMt.11 




B 


ZI 


HH 


a =1 

» u 


R 


tmd 


'".•sr 


XJ 


B 


n 


ft,^S 


m XI 


^ 


nrr- 


fc;! 


n 


SI 


^.^„ 


S SI 

D5 CS 


^ 




'i'sr 


r^; 


\i. 


^ 


i^i<E 


r€^ 


^ 


J-PgHTIK 

OiiHSrUO 


fe<: 


fe9 


^, 


HH 


!S] S] 


P? 


NOTE: AtkO MiuMwn M iMm M MMt. nsiTW. 

|E1 SPEC.L-3P..m«N«-AUT0«,«.0T.«. 


lI3 AMOnrre Stop Si««., jlir I>is(*ni Siwu,. 
?I> PtiMJifrt Stop Sismi.. tH Ti"!" »M" iswo.. 

IWS W mutt H StUKU! UM TO BE Of TKE UIUll fOUlB USED iT TKE 








: 


iTiTl- 


ififitStl- 






J, 




'■1 


^;."j LW" (UU-"! SlMkL. 


l^-r- 




k\ 


; ^ ^^_^ ^ 


t 


""?KT.1I 




h 


Sruun 


.)"" 


n.L.6Kr 
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R. S. A. SYMBOLS FOR SIGNALS 
Plats 2 (October, 1912). 




Misr. 



HS 



t*J 



Bmm MMTwiTH 
Brmwet Attacnmiiit. 



5 — 1 f*— 1 

I { 



Ofmct 
BmcKCT Post. 



f— -I h- — I 

J I 

T 

Bmortt 
Post. 



b-j 



Mast. 




t 

JL 



Rim ncLOSCD 

CHMMCTfRtsrieS 
MCM UfNTSlfNM 
ONLY. 



? 



Smash Smiml 



I 



POr SifiNAL. 



One SntiM.s< 




® @ ® ® 



Home home Distant Distant Double 

Pmceed. Stop. Progced. Caution. Rmctioneo. 






Present Si6nalto be Removed. 



\"'i 



\ Present $«nal to Remain. 



RiumoN OPTIK Skmalt* TwllH^AW Tw DnKim OP llMF^ 

ri T^ — . 



"* RiOHT Han d Locatiohs. _ 



RiONT Hmnd S«nm. 



Lcrr Hand Snnal. 



Left Hand Locations. 



H 



Dmmt Maimi <mMi_ 



IT 

LXFT Hand Smnal. 



OENERAL RAILWAY GIGNAL COMPANY 



iNSUUUW RWL JOWTS. 

Tiuci CacuiTi « Tiiu> CiHMiiT M Ton Cikuit a 

Both Cwictimi, U't , Now o* Riot. RiiHr. Ndw ■• Lcj 

IMPCMHCE Bomi. Tmffie DutCTini. Tmck Pm. 



SIMM. Sam. SuB-STnn. 



::^ -^ tn -^ : 



4= 



# 



iiiLWii Pnprata a 



X ® 



<>T£RT>NK. IVITER COmUM. Tnu miUMEHT. TOSPCH Ml 

tkaih Stops. 



-^- 



<f) —^ — o <o - 



DO ^7^ 
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R. S. A. LOCATION SYMBOLS 
Plats 4 (Ootobctr, 1912). 



y] 



Q 



Ra«r Bm. JuNcnoN Box. Tehmmm. Box. LmhtmmsAmcstcr 

Box. 



lATTfRV CnUTE. 



CiMCirr 



t 



CMVTt fiMMin UJ 



i 



Reunr Box M« Post. 



Box tm Post CoMiMfo. 



:^ 



? 



NOn: Trfc OFMOiaroii 
TooecovcMD or 

KimMLNOTC 



Switch Box Looation. Switch imtCATM. 



., ^ 



SmTCM IMOIOATOII 

ANO Switch Box. 



CD 




Caole Post With Que With Two With Rcuor With Belay With Reut 
DNur. iNPiCATOft. HioiGATom. Box. Box am One Box and 1^ 

hiDiCATOii. Indicators. 



-S- 



AOOVE SURPAa. 



Halt Aoovc Smwacc. 



Bojow SumOE. 



HioNWMr Cm»sn« Bell. 



>BKrmiv SNfufo. 



(mwo ittian camoity) 



? 



OR 



Tmsm, BUJTERy 



GBHERAL RAILWAY SICVAL COMPAFfY 



hrranmiEO SwiTGHES md Demils. 



:j,^ 



SWTOH-SCT n» Tinw-Oi/T. Smrai-Sr fOB Stb*i6«t Tlwai . 



louL- Point Titf^DOMiLM. Dc*i>il- 



le flMiTvrf-Dcuiune. OtiniL-LirnM RulTtoi-Nw 



DduiL-LimH BLsaTVn-Duuiuin. Dcul-Lotihs BiooTi 

Rum: . 

Pm-nnE i«Eoi). r";;:^''^'" 



LJil.-SwTO.i.LJ>aiMiiyuBir. CaWKS. 



DreRiTwFWMTwa. OPEBMWiimi buhtoTmci. 
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innuNas s«mimi,DuMu,cTe. 




» Shaft Lud-dut. 



Wf 



[Still 



DtFLumm Bm uao-o 



If 



Bi GBUtatAI. RAIL yftT BIGlUAt COMPANY 

R- S, A. SYMBOLS FOR RELAYS. INDICATORS AND tJXKS 



RiLArs> li 

,^H»a i L D>C.CaCTI» MUaET. 

^ A.D.tLaiM MIMET. 

^.^ i.A Cm, bwuu w Df-iMmiio . 

j.^t LJ^ Nnmuii. Finn CnrUicr-CueuHOrei, 

^1 i ; NniTUL Bu» CMTUT'CiJUOMOnii. 

i .T Pm-urmc AtwrwH - i«tm Cwtuti . 

7. 



S-P«in«« AiMiai-inK tc 



Ell "" 
n .... 



i ,J? J^ >, 

l.J. 1.^ i„'. ^..: SCMirxtM TiPe (KMUTM. I*- 3-PUITnH. 

-o- 

-Si ' ■ -te- 



^^^^ 



(lEE NRT PUE FE 
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S. A. STICBOLS FOR RELAYS, INDICATORS AND LOCKS 

PULTi 8 (October. 1912). 






1 



Rnjvs f Inomatoiis and Logrs* 

EUMfLES OP COM8IN«nONS. 

D.C. RELAY- NeimiAL-Eicmnn «- 

One iNOiPCNKNT flMNr Cmtact Cumio* 
Oik iMEpeNOCiiT Amk ConrAcr Okn. 

OX.RCU!\r- POLAMUO - ENCMtZEO - 

TWi GoMMunQN FHONT Am tu* Nnmui. CMmcTi- 

Li T«»P8UUinKOC0lllMDTSCLHKO« 

* T\woPOLAMifD Contacts Opm. 



t 





t; t 



0. C. INDICATOR - ScMApHOirc Tvpc- Enersizeo • 
Thru Front Contacts^ Closw * 
Bcu. ArrACNMCNT. 

O.C. INDICATOR -SSiiAPHORC Type -Ami Horizontal- 

ENCROIZEO-WrTNQVT CONTACTS. 
Nin : lNOlMTM$(«l|IINATfllS) WITHOUT OONTMTS SNNt« K SHOWR 
WTM MMAniVS TO MOtCATf MtlTHU BmOlO It BHNQh 
fifUD. 

A.C. RELAY -One ^roizing Cirouit Tvpc (SmoLC Phase) 
Enermzco-One Front Contact. 



A.C. RELAY- llM ENERSizmo Circuit Type- Encr«izeo — 
Wire Wound Rotor — 
TUfO NcuTRAu front Contacts . 



A.C.RELAY-TV10 Ensroiiino Circuit IVpe - Enerorco — 
WN(c WOUND Rotor - 
TWO FoumzBO Contacts. 

A.C RELAY -IVu Endmizino Circuit Ttpc-Encroizcd- 
Stationmy Wmdms - 
One NiuTRAi. Front Contact^ 
TWO 3-P«9moN Contacts . 



0.C.MTERL0CKED RELAY. 

D.C.EUCTRIC BELL. 
oeswwte resistancc m onms or au o.CNai«rs, MOturm $tn lmns« 



GENEHAI. RAILWAY SIGNAL COMPANY" 



C-Banm. Poimoi . 
D-SEvim iHUMTiH Puirw. 
R-Fuu. Riviwt PoifTuxi. 



-©- 

-(5> 
-®- 

-®-H 



-®- 









L-nu. Rbow ftMmoi n Tw Lbt, 

B'lHMITIM PUUnm Tt TIC Uft. 
0-IWIUTIW pDSiriOH TO THE ROHT, 

R-fwi. Revw« Posrrioii to t>ie BwcT. 
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R. 8. A. SYMBOLS FOR dRCOIT CONTROLLERS 
Plaxb 10 (Oetob«r. 19130, 



Circuit ContiiOLLCiis Okhuco by Signals. 

UPPER QMAORANT. LOWES QUADRANT. 



SiGiucs. 




Closed at Om.v. 



Closco at 4S Only. 



Closed at 90 Only. 



o • 

Closed to 45 



Closeo 45*to 90* 



Closed kt OiiKt* 

Closed m Clear 
Position Only. 








Closed^ 

OPEN. 



tt 



CiiicuiT Gontrollcr Operated by Locwno 
SivrrcM Circuit Controller. Mechanism or a Switch movement. 




• > • 



CUMD. 

Open. 



Bmoec Circuit Controller. 



90LM, CHMI6m6 CIRCUIT CONTROLLER. 



Jv- 



Srams HAND Key or Push Button. 



Circuit Switcn. 



IIAILWAT aiGNAl. COMPANY 



•-V 




>+- 


•-* 




^ 


MUbU. T.ME S£l 


.„. 


MmiUIlTimI RCI.EIK- 


sr 






hnoM«rie Ti»i Ril 

((Uttmtl 


.«. 


EMEHSEHI^V BlLEiM . 
letECTtlc) 


f( 


n 


wn eiuED. 


FtMH PlBH, 


L.TCH CONT 


CT. nuci IHITRUUCKT COHTICT 




Khvi 


SWrTDHES . 


T 1 


tl 


RiaoiTtT, SiNLC Pule. Dauu PoLi. SinslePdlc. Ooiale Pole. 1 

SWBLE ■n.ROW. OOUBlt T«BOW. 


OWCK AcriM CiauiT CoxTMuiRtun 




— A^A/^ — 


— ^AAA/^ — J 


FniDBwiiTMiet. 

— ''Obood'^ — 


WMBLE BtilSTiBOt. fWt, 


-WWHRF [=1 


■hrcunU wrrHMT 
Imt CcnE, 


lUPEDUIDE WrTH CONQENMR. 
IHOH Cote 
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B. S. A. SYMBOLS FOR BATTERIES. GENERATORS. MOTORS. ETC. 

Flats 12 (Ootober. 1912). 




UJ 



AXLlfeRMMALS. 
DUCJkRMMMJ. 



Ccus M MumPiC. CCLLS M Soncs. ,, 

SnanrlVMiNDNiiyaBiopGeus. RBCTIFicr. 

p-PBTMM .. rsmsm mm 



eXAMFUS: NT, IDS, ETC. TIWIlSrotMCRS . 



(M) (C) 




O.C.MOTOff. aCGCNERATOR. AjCMOTOR. 




A^.GcNCiUTOii. OLC.-OyC.M«rofl-6oieRATOii. AJC-Dii.MOTM-6ei0UiiM, 

-(A)- -(V)- -<y)- x^ 

Ammeter. Voctmcter. Wf^TTMSTEi?. Telephone 

^>- 1 ® » 

I SM8LI. Double. 

iNCANoesceNT Lamp. LMimiiiit Aihksteii. TbiMiiiAts. 



^ 



± 



wwES Cross. wires Jom. 6mMm». 



" Common ** Wire . Other than ' Common" Wire . 



Track Cwcurr Wire. Direction of Current. 



SECTION XVII 



GENERAL DATA 



COVERING THE WEIGHTS OF G. R. S. 
INTERLOCKING APPARATUS, MAINTE- 
NANCE TOOLS REQUIRED, BELTING, 
PULLEYS, SWITCH-LEADS AND CROSS- 
OVERS, TABLES OF NAILS, SCREWS, 
NUTS, ETC., TABLES OF SPECIFIC 
GRAVITIES, WEIGHTS AND MEASURES, 
FAHRENHEIT AND CENTIGRADE TEM- 
PERATURES, FRACTIONS AND DECIMAL 
EQUIVALENTS, POWERS AND ROOTS, 
AREAS AND CIRCUMFERENCES OF 
CIRCLES, ETC, ETC. 



^ 



GENERAL DATA 
SHIPPING WEIGHTS OF G. R. S. APPARATUS 

Shipping 

Charging Apparatus p^ffi5^ 

D. C. Generator, capacity 1.25 K. W. (Page 169), . . 290 

D. C. Generator, capacity 2.50 K. W., ....... 340 

D. C. Generator, capacity 3.25 K. W., 500 

D. C.-D. C. Motor Generator Set, capacity 1.25 K. W. 

(Page 168), 600 

D. C.-5). C. Motor Generator Set, capacity 2.40 K. W., 800 

D. C.-D. C. Motor Generator Set, capacity 3.25 K. W., 1050 

The above weights cover the necessary starting devices 
and field rheostats. 

Transformers 

Type K, air cooled (Fig. 249), 20 

>e LI, complete with oil, hanger, and cut-outs 

^g. 247), 130 

T3rpe L2, complete with oil, hanger, and cut-outs, 175 

Type L3, complete with oil, hanger, and cut-outs, 210 

Power Switchboards 

Board, 24'' x 36", controlling 1 H. V. battery and 1 
generator (Fig. 117), 210 

Board, 24" x 48 , controlling 1 H. V. battery, duplicate 
sets of L. V. battery and 1 generator (Fig. 119), . . 410 

Board, 43^^ x 48", controlling 1 H. V. battery, duplicate 
sets of L. V. battery, 4 sets track battery, and 1 gen- 
erator (Fig. 121), 600 

Operating Switchboards 

1 Section Board, 12" x 36", no voltmeter (Fig. 128), . 280 

2 Section Board, 24" x 36", no voltmeter, 530 

3 Section Board, 36" x 36", no voltmeter, 800 

1 Section Board, 12" X 48", with voltmeter, 350 

Panel, 12" x 12", with voltmeter, 70 

Lighting Panels for Power and Operating Boards 

Panel, 12" x 12", with 5 S. P. S. T. switches (Fig. 130), . 90 

Panel, 12" x 18", with 10 S. P. S. T. switches (Fig. 132), . 110 
Panel, 12" x 24^^, with 6 D. P. S. T. or 12 S. P. S. T. 

switches •.... 150 
Panel, 12" x 36", with 9*D. P. *S.' f . or 18 S. P. S.T. 

switches, 190 

Interlocking Machine 

Model 2 — 1 tier locking. 

Per lever, ^<S 

Per spare space, '^^ 



mmm^s^m 



Model 2 — 2 tier lockii^. 
Per lever, . 






Per spare space, 

Model 2 — 3 tier lockiog (Fig. 137). 

Per lever, , lU 

Per spare space 

Model 2—4 tier locking. 

Per lever, ISjj 

Per spare space, 

Unit Type — 1 tier lockiog. 

Per lever. 

Per spare space, 

Unit Type — 2 tier locking. 

Per lever, 

Per spare space, 

Unit Type — 3 tier locking (Fig. 136). 

Per lever, 130 

Per Bpare space lOO 

Unit Type— 4 tier locking. 

Per lever, 150 

Per spare space 120 



Complete Set of Locking — Average weights per work- 
ing lever. 

1 Tier of Locking, 

2 Tiers ot Locking. ,.,..-.. 

3 Tiers of Locking, 20 

4 Tiers of Locking. 26 

Separate Lever complete with polarized relay 40 I 

Lever Lock (Fig. 141) applied to machine, 10 

Switch Layouts (Crank Connected) ' 

Single Switch, Model 2 switch machine (Fig. 163). . . 1000 
Sinfile Switch, Model 4 switch machine (Fig. 162), . . 1500 
Split Point Derail, Model 2 switch machine (Fig. 165),. lOOO 
Split Point Derail, Model 4 switch machine (Fie. 164),, 1500 
HayesDerail, Model 2 switch machine (Fig. 1G7), . . UOO 
Hayes Derail, Model 4 switch machine (Fig. 166), . . 1600 
Wharton or Mordcn Derail, Model 2 switch machine 

(Fig. 169), IIOO I 

Wharton or Morden Derail, Model 4 switch machine i 

(Fig. 168), 1600 

Single Slip Switch (one end), Model 2 switch machine 

(Kg. 171) 1000 \ 

Single Slip Switch (one end), Model 4 switch machine 

(lie. 170), 1500 

Double Slip Switch (one end^, Model 2 switch machine 

(Fig. 173), VMO 
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Shippliig 
Poundf 

Double Sln> Switch (one end), Model 4 switch machine 
(Fiff. 172), 1800 

Movable Point Frog, Model 2 switch machine (Figs. 
175„ 177), 1600 

Movable Point Frog, Model 4 switch machine (Figs. 
174, 176), 2000 

The above weights are for switch machines complete 
with tie plates, throw rod, lock rod. No. 1 switch rod, rail 
braces, and all necessary bolts, nuts, and cotters. Switch 
connections insulated. Weights for Model 4 switch 
machine layouts include switch circuit controller and 
connections. Weights do not include detector bars. 

Model 2 Switch Machine (Fig. 159), 500 

Model 4 Switch Machine for single switch or derail 

(Fie. 161), 850 

Model 4 Switch Machine for movable point frog or 

double slip switch (Fig. 160), 950 

Detbctor Bar Layouts (Crank Connected) 

1 Bar, same side for Model 2 or Model 4 switch machine, 360 

1 Bar, opposite side for Model 2 or Model 4 switch 
machine, 460 

2 Bars, for Model 2 or Model 4 switch machine, . . . 770 
1 Bar, for two Model 2 or Model 4 switch machines, . 780 

The. above weights for detector bar lavouts are com- 
plete with aU connections and necessary bolts, nuts, etc. 
Connections insulated. 

Signals — RSA Dimensions 

Pipe Bracket Post complete, narrow deck 3400 

Pipe Bracket Post complete, wide deck, ....... 3800 

1 Arm Ground Signal complete, 22' 6^ base to center 
of arm, 1270 

1 Arm Ground Signal complete, 29' 6^ base to center 

of arm, 1430 

2 Arm Groimd Signal complete, 22' 6^ base to center 

of lower arm, 1850 

2 Arm Ground Signal complete, 28' 6^ base to center 

of lower arm, 2000 

3 Arm Ground Signal complete, 22' 6^ base to center 
oflow^arm, 2420 

1 Arm Bracket or Bridge Signal complete, 3' 6^ base 
to center of arm, 710 

1 Arm Bracket or Bridge Signal complete, 10' 6^ base 

to center of arm, 9QQ 

2 Arm Bracket or Bridge Signal compVe^, ^' ^'^ \)idai^ 

to center of lower arm, • « • ^»S» 
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Pom 

2 Ann Bracket or Bridge Signal complete, 9^ 6' base 
to center of lower arm, 14 

8 Arm Bracket or Bridge Signal complete, 8' 6^ base 
to center of lower arm, 1£ 

The above signals complete with mechanism, ladders, 
spectacles, blades, lamp brackets, foundation bolts, etc. 

Cantilever Bracket complete, 1 

Dummy Mast, \ 

Fixed Arm complete, 1 

Model 2A, 110 Volt Signal Mechanism complete, with 

clamp bearing (Fig. 199), ] 

Dwarf Signals 

Model 2 A Dwarf Signal complete (Figs. 204, 205), . . \ 

Model 2, 1 Arm Dwarf Signal complete (Fig. 207), . . 

Model 2, 2 Arm Dwarf Signal complete (Fig. 206), . . I 

Model 3, 1 Arm Dwarf ^gnal complete (Fig. 208), . . 

The above signals complete with spectacle, blade, 
lamp bracket, foimdation bolts, etc. 

Switch Circuit Controllers 

Model 5, Form A Switch Circuit Controller (Fig. 186), 
Model 3, Switch Circuit Controller, 4 circuits (Fig. 185), 

Model 3, Switch Circuit Controller, 8 circuits, 

Add for Short Operating Rod 

Add for Long Operating Rod, 

Relays and Indicators 

Model 9, D. C. Relay, 4-way (Figs. 228, 229), .... 

Model 9, D. C. Relay, 8-way, 

Model 1, D. C. Relay, not inclosed, 

Model 1, D. C. Relay, inclosed, 

Model 9, Tower Indicator, 4-way (Fig. 230), 

Model 9, Tower Indicator, 8-way, 

Model 9, Indicator Group, with 4-way indicators 

(Fig. 83), per indicator, 

Model 9, Indicator, Group with 8-way indicators, 

per indicator, 

Model 2, Form A Polyphase Relay, 4-way (Fig. 235), 

Model 2, Form A Polyphase Relay, 6-way, 

Model 2, Model 3, or Model Z, Form B Relay, 4-way 

(Fie.232), 

Modd 2, Model 3, or Model Z, Form B Relay, 6-way, 
Model 2, Model 3, or Model Z, Form B Indicating 

Relay, 4-way (Fig. 2.M\ 

Model 2, Model S, ox "iJlo^d Ti, Ycstm "^ \\i!^<5a5assfflt 
Belay, 6-way, 
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Shipping 
Weljpits. 
Pounds 

Model 2, Model 8, or Model Z, Form B Tow^ Indi- 
cator (Fig. 238), 85 

Relay Boxes 

1-way Iron Box for D. C. relays, 120 

2-wayIronBoxforD.C. relays (Fig. 242), 160 

8-way Iron Box for D. C. relays, 250 

4-way Iron Box for D. C. relavs, 225 

1-way Wood Box for D. C. relays, 25 

2-way Wood Box for D. C. relays (Fig. 243), .... 85 

3-way Wood Box for D. C. rdays, 50 

1-way Wood Box for Model 2 Form A rdays, 40 

2-'way Wood Box for Model 2 Form A relays (Fig. 241) , 55 

8-way Wood Box for Model 2 Form A relays, 75 

The above boxes complete with terminal board and 
U bolts or bracket for mounting on stub pole. 

Add for mounting on signal mast, 20 

Posts for mounting relay box on foundation, .... 40 
Post for mounting rday box on battery chute, .... 70 

Battery Citutes (Page 292) 

6-ft. Single Battery Chute, complete with elevator, . . 260 

7-ft. Single Battery Chute, complete with elevator, . . 290 

8-ft. Single Battery Chute, complete with elevator, . . 350 

9-ft. Single Battery Chute, complete with elevator, . . 390 

7-ft. Double Battay Chute, complete with devator, . 520 

9-ft. Double Battery Chute, complete with elevator, . 650 

IiiPEDANCE Bonds 

Size 1, Form C Bond (Fig. 91), per single bond, . . . 610 
Size 2, Form B Bond (Fig. 92), per single bond, ... 420 
Size 3, Form A Bond (Fig. 92), per smgle bond, ... 250 

Trunkino, Stakes, and Junction Boxes (Figs. 270, 271) 

3'' X A" Trunking with Capping, pine, per 1,000 lineal 

feet, 5300 

S'^ x4'' Trunking with Capping, cedar, per 1,000 lineal 

feet, 8000 

Built-Up Trunking, pme, per 1.000 feet, B. M. . . 8850 

BuiltrUp Trunking, cedar, per 1,000 feet, B. M., . . . 1900 

Oak Stakes, 8" X 4* X 3' O'' (square end) 10 

OakStakes, 8'' X 4^x4' 0^ (square end),' 15 

Cedar Stakes, A" diameter x 3' O'' (pointed), 10 

Cedar Stakes, A" diameter x 3' 6'' (pointed), 10 

Junction Box, inside dimensions, 15W x^SVaT tlW , » ^S^ 
JuDct/onBox, inside dimensions, 16" xl^^y.*!^", « • ^ 
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COMPLETE LIST OF MAINTENANCE TOOLS 
REQUIRED AT ELECTRIC INTER- 
LOCKING PLANTS 

Blacksmith Tools 
Anvn. 

Set of tools, including 10 pound hammer, cold cutter and 
W punch. 

Carpenters Tools 
IS' square. 
Jack plane. 
Brace with set of bits, 
i^ie' sinsle lip car bit 14/^ long. 
W wood chisel. 
26' No. 9 hand saw. 
Hand axe. 
Adze. 
Claw hammer. 

Electrical Tools 

Solderins fumace-pot and two ladles. 

Small soldering copper. 

Screw drivers, 6' and 10". 

Aligator pliers, 8'. 

Side-cuttinf^ pliers, V, 

Contact adjuster. 

Binding-post wrench. 

Socket wrenches for V4!' hexagon nut. 

Wrench for signal circuit breaker. 

Crank for switch motor. 

Hydrometo^. 

Portable volt-ammeter. 

Solid wrench for %' hexagon nuts. 

Line CiRCurr Tools 

Belt with safety. 
Pair 16' climbm. 
"Come along" with blocks. 
2 Connectors. 

Pipe Tools 

(For pipe connected detector bars.) 

1 Stilson wrench. 

2 Pipe rivet punches. 
1 Pipe cutter. 

1 Stock with 1' right-hand dies. 

Switch Fitting Tools 

1 Machinist hammer. 
1 CeDter punch. 



So 
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2 Cold chisels. 

1 12' tommy bar — bent on both ends. 

1 20" tommy bar — ^bent on chisel end only. 

1 Packer ratchet with me' and i%a" drill. 

1 "Old man " for drilling rail. 

2 Switch-adjusting wrenches. 

8 Two-man T " socket wrenches for %' square and heragon 

nut, and %," lag screws, 
2 "T" socket wrenches for %' and Mt' lag acrewa. 
4 Solid "S" wrenches for %" and %" bolts with square or 

hexagon nut. 
1 Solid wrench for detector bar clips. 

1 14" Monkey wrench, 

2 Reamera, %' and W. 
I 14' Stilson wrench. 

1 6" Weatcott wrench. 

4 Files: one-14* flat bastard, one-lO" flat smooth, one-12* 

half-round bastard, one-12" round. 
4 Files: two-6' rat tail, two saw files. 

Track Tooia 
1 Spike maul. 
I Spike puller. 

1 Claw bar. _ ^^^^^ 

1 Track wrench. ^^m~^^^^ 

1 Track shovel, 
1 Bam broom. 
1 Railroad pick, 

TRACK-CiRciirr Tooia 

1 Bonding drill with twelve %a" twist drills. 

2 Channel pina punches, 

1 Channel pin set (slotted). 

Miscellaneous 
1 Workbench with combination viae. 
1 Drill press with drills, 
1 Set taps and dies with stock Vt" to 1*. 
1 Breast drill with set of drLlls W to %" by 32nds, 
1 Bench emery wheel. 
1 Hack saw, 12 blades. 
1 Lai^e Bpout oiler (1 quart). 
1 9" spout oiler (1 pint). 

1 G" spout oiler (Va pint), 

2 Water pails, 

1 Canvas tool bag. 
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MODEL 1 FORM A UGHTNING ARRESTER 
Fig. 27G illuBtrates the G. R. S. Co.'s Model 1 Form A l^ht^ 
ning arrester, deigned for use on signal, telegraph, telephone. 
crossing alarm circuits, etc. 

The arrester has a high efficiency, i. e., a h^h reactance 
and negligible ohmic resistance. This high reactance b 
maintained undff aJl conditions of frequency and current 
owing to the fact that no iron ia used in the core of the react- 
ance coil. 

The arrester is small ("S4°x 491' x4'Ko') and may be assem- 
bled in banks on one inch 
centers. Connectors between 
the ground plates are provided, 
whick form a buss bar of ample 
canTlng capacity, thereby mak- 
ing requisite but one enmnd 
connection for any number of 
arresters. Multiple point dis- 
charge plates are provided 
inst^d of the single point type 
or one having a ci«nilar sur- 
face. The puts used in the 
'^0 arrester construction are few, 
^ none of them being delicate 
or easily broken. The con- 
nections are aU in front, thus 
allowing it to be eamly installed 
and inspected. 

The Model 1 Form A uses 
ths same component parts as 
the Modd 1 arrester, thou- 
sands of which are at the 
present time in service, many 
of them showing evidence of 
having taken care of heavy 
Form A discharges without injury re- 
sulting to the arrester or the 
protected apparatus. 
The arresters should be grounded through two No. 8 
B, £ S. gauge copper wires, insulated above the ground. 
The wires should be wrapped around and soldered to a gal- 
vanized ground rod, not less than one inch in diameter, driven 
eight feet into the ground. 
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PULLEYS AND GEARS 
When it is desired to secure single reduction or increase a( 
speed by meaiis of belting, the speed at which each shaft 
should run and the diameter of one pulley being Imown, 
multipljr the diameter of the known pulley by the speed in 
revolutions per minute of its shaft and divide this product by 
the speed in revolutions per minute of the second shaft; the 
result is the desired diameter of the second pulley. 

When the diameter of both pulleys and the speed of one 
shaft is known, multiply the speed of that shaft by the diame- 
ter of its pulley and divide tni ' 

the puOey on the other shaft; i. 

the second shaft will be run. 

Let D =diameter of drivine pulley, 

d —diameter of driven pulley. 

S = number of revolutions per minute of driving shaft. 

3 — number of revolutions per minute of driven sh&ft. 

Then the above may be expressed by the following formulat 

Where a counter-shaft is used, to obtain either size or speed 
of the main driving or driven pulley, calculate aa above, 
between the known end of the transmission and the counter- 
shaft and then repeat this calculation between the counter- 
shaft and the unknown end. 

Gears in mesh transmit speeds in proportion to the number 
of teeth they contain. Count the number of teeth in the gear- 
ing and substitute this auatvlitY Eot the diameter of the pidltyB 
raenfioned above, in order to o\i\a,\n\."ii&toiTi^aiCT iA\«!a£w be 
"it in unknown gear or Bpeed ol t\ie Beco^i *iai\.. 
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WIDTHS OP BELTING PER HORSE POWER 

A rule commonly used for determining the width of belting 
is that "single" belt will transmit 1 n. P. for each inch in 
width at a speed of 1,000 feet per minute. If the speed is 
^eater or less the power transmitted is correspondingly 
increased or decreased. 

The rule may be stated as follows: 
„ p w X d X rpm wv 
***^''" 3820 "lOOO 
In which w-> width of belt in inches. 

d* diameter of pulley in inches, 
v velocity of belt in feet per minute, 
rpm -> revolutions per minute. 
This is based on a working tension of 30 pounds per inch of 
width of belt. Many writers give as a safe practice for single 
belts in good condition a working tension of 45 pounds per 
inch of width, which formula dves a permissible increase in 
transmitted horse power of w> per cent, over the formula 
XT p w X d X rpm 
"" 3820 
For "double" belts of average thickness, the transmitting 
efficiency is considered as 10 to 7 compared to the single belt- 
ingdiscussed above. 

These formulas are based on the supposition that the arc of 
contact between belt and pulley is 180 degrees. For other arcs 
the transmitting power is approximate proportional to the 
ratio of the degrees of arc of contact to IsO degrees. 



TABLE FOR DETERMINING WIDTH OF BELTING 



Speed In 

Feet per 

Minute 


Width or Bni;r in Inches | 


2 


3 


4 


6 


6 


H. P. 


H. P. 


H. P. 


H. P. 


H. P. 


500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 


1 
2 
3 
4 
5 
6 
7 

8. 
9 
10 


1.6 

3 

4.6 

6 

7.5 

9 

10.5 
12 

13.5 
16 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 


2.5 

5 

7.5 
10 

12.5 
15 

17.5 
20 
22.6 
25 


3 
6 
9 
12 
15 
18 
21 
24 
27 
30 



T|^ 3C d X rtt iTi \irv 
Note. — Based on the formula H. P.= »»^^ " ^^lOQQ 

In running, the upper side of the belt ^o\iXdL«M^\^'^HrK»'«^^ 
as the belt mU then he in contact 'wiWiTOOt^ )5>D3Ka.\ffli&.^Oci» <2S^- 
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cumference of the pulley, and the power increaaed in the pro- 
portion referred to in tee preceding paragraph. Best results 
are secured by ruoaing felt just tight enough to prevent 
slipping at normal load. 



PAINTING 

EXTRACTS FROM R. S. A. SPECIFICATIONS FOB ELECTRIC 

INTERLOCKING (IB 10) 

1 BOO. Paint 

Field work. 

{b) Surfaces covered with rust, grease, dirt, or other 
foreign substances, shall be thoroughly cleaned before 
paint or oil is applied, 

(e) Paint shall not be applied to outside surfaces in 
freezing weather, nor to wet surfaces, nor until previous 
coating has thoroughly dried. 

(d) Finishing coats shall not be applied until after the 
expiration of forty-eight (48} hours after the previous 
coating has been applied. 

(e) Painta mixed on the ground shall be applied within 
three (3) hours after the pigment and oil are mixed. 

(/] laming coats shall be applied as soon as is con- 
sistent with the progress of the work. 

is) Second coat shall be applied in sufficient time for 
the third coat to be applied and dry when the installation 
is completed. 

810. Iron Work 

(a) Iron work (except machine, tie plates, and iron 
foundation piers) not galvanized sball be painted one (1) 
coat of red lead and raw Unseed oil and two (2) finishing 

coats. 



AMOUNT OF PAINT REQUIRED PER 1000 FEET OF 
TRUNKING AND CAPPING 




** Inohf » "* 


Bl» of Capping 
Incliea 


o..™.,„.™„ 




21 3 

4 I 10 


IVi-a 4 
!«,> 7 
2 nlO 


9 

" 





ot ibe ■uifsce _ _ 
tha £siDperature 



;overii]p csaacity of paint deiieude largely on the i 
sma EmBhea, tha h&adlmc oC tbe eoods by the p^ii 
of the miriacB panAai. T^ i&oi* ^t^bk u« ' 
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RAIL SECTIONS 






A. B 


A. BAILS 


-TYPE' 


A" 




WeUOit 






























Yard 
















Lbi. 


m. 


IB. 


IB. 


In. 


». 


m. 


IB. 


60 


4% 


ant, 


■Wol 1'%. 


« 


i-Hi. 


4 






UMi 




Wit 


H 


4'A 


80 


SM> 


a«i, 


»Ms| iM. 


MM. 


«A. 


4% 


00 


fi% 




1 l>%. 




K4« 


W* 


100 





3% 


iWBpWs 


2K 


fii 


6M 






A. R 


A. RAILS 


—TYPE '■ 


B" 


































Y«d 
















Uh. 


Id. 


lo. 


iB. 


In. 


In. 


In. 


ti. 


80 


«^- 


SM. 


w 


IM 


2Mi 


«W« 


31M, 


70 


4"M» 


■^"4. 


"4. 


l«Wi. 


■M 


"H. 


4%. 




4iHS„ 


2<'*l» 




l^%. 


2W. 


"^ 


i'/ln 


80 


b"*. 


2S 


mi 


1'^* 


2iM„ 




4'%. 


100 J5*«. 


SfVu. 


Iti. 


l*%* 


ans. 


»■ 





A. 8. C. E. RAILS 










, 1 


_ .. 


















Vara 
















Lba 


IB. 


In. 


In. 


In. 


In. 


In. 


4M- 


66 


W, 


2iW» 


'^ii. 


I'Mu 


2« 


'H. 


60 


+4 


2"*4 


*%< 




OT4 


".i< 


44 


66 


^■Hn 


2«, 


«%. 


1%, 


2^*1 


u 


4^. 




1% 


M"Mii 


>V,« 


i'Mii 


■I'At 


•«,» 


4% 


7S 


4H^, 


a-%. 


^v*, 


1»'*. 


2'%, 


lu. 


t^. 


SO 


Ji 


2^i 


Ti 


IW 


2% 


-Sti 


5 


90 




1% 


"■Mm 


l>'*ti 


aitt. 
«4 




fi% 


95 


Wl- 


a»H4 


'M. 


I'Vki 


aiMs 


^1 


5*ifl 




Wl 


3»(« 


■Mw 


Wm 


Wi V*K* 


■ ■w,. 


110 


«^ 


3i^fe,\ i \\'^>.\'Ffe \*r« v's^* 



OaNBSAL KAILWAr S1GKAI. COUFANT 



I TABLE OF TURNOUTS FROM STRAJGHT TRACK 

Qicaa, 4 Fist. BU Inches, Throw or S 






I^og 


Frog 


LMBtb 

otFrog 
loToe 
7D 


Point 
of Frog 


ewiicn 

lUll 


1- 


OO-in 


Lead 
Curve 


Folnl of 

Annul 
FroBAB 




hi 


Jl ^ 


t A 


t^ 


?ll 


i i i 1 


t 


1 


9V, 
20 


1^1 ^8 

7-OB-IO 

a-OI-33 
S^3-2B 

4-lS-lfl 

3-3i-17 

2-51-51 


4-0 
4- 5 

4-9 

ft-0 
6- 
0- 

8-5 

8-0 

0- 8 


7- 
B-1 

8- H 
10- 

;:: 

12- 1 
16-0 
19-4 


II-O 

is-a 
ie-8 

16-a 
la-a 

22-0 
22-0 
33-0 
33-0 
33-0 
33-0 
33-0 


2-3B-10 
1-14-11 
1^4-11 
1^4-11 
1-M-ll 

I-I3- 8 
1-18- 8 
3-B2- 5 
3-62- G 

3-52- 5 
1-52. E 


265 

487 

«95 
790 
022 

loea 

1993 
3257 


39 
48 

73 
38 
24 

26 


21-13-04 

11-48-27 

8-14-45 
7-15-18 
e-12-47 
5-12-69 
3-17-01 
2-B2-6B 
2-14-31 
I-4S-32 
1-10-21 


62.10 
07.98 
72.28 

77.93 

100 .SO 
133.28 

146.51 



Above from tabU bu Amerieon RailiDm) Enainmiiiq AMomoWinw. 
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TABLE OF GR0S80YERS 
Qauob, 4 FuT, 8H Inohxb. Thbow of Switch, 5 Ingbbb 



K- 



Tofdt Icnq^h 



Uad — H*- ^ -^ l-«dd 



TiacK Centers 




Fig. 282 



Frog 
Number 


Lbao 


DUTANGB (A) BXTWSSN FBOQ POIMTS 70B THACK 

Gbntbbs Bxlow 


11' 


12' 


13' 


14' 


16' 


16' 




Feet 


Feet 


Feet 


Feet 


Feet 


Feet 


Feet 





47.98 


9.5 


15.5 


21.6 


27.6 


33.5 


39.6 


7 


62.10 


11.1 


18.1 


25.1 


32.1 


89.1 


46.1 


8 


67.98 


12.7 


20.7 


28.7 


36.7 


44.7 


62.7 


9 


72.28 


14.2 


23.2 


82.2 


41.2 


60.2 


69.2 


9% 


76.71 


15.0 


24.5 


34.0 


43.6 


63.0 


62.6 


10 


77.98 


15.8 


25.8 


35.8 


45.8 


65.8 


^ 66.8 


11 


94.31 


17.4 


28.4 


39.4 


60.4 


61.4 


72.4 


12 


100.80 


19.0 


31.0 


43.0 


56.0 


67.0 


79.0 


15 


133.28 


23.8 


38.8 


53.8 


68.8 


83.8 


98.8 


10 


137.67 


26.8 


41.3 


67.3 


73.3 


89.3 


106.3 


18 


146.61 


28.4 


46.4 


64.4 


82.4 


100.4 


118.4 


20 


167.42 


31.6 


61.6 


71.6 


91.6 


111.6 


131.6 


24 


177.22 


38.0 


62.0 


86.0 


110.0 


134.0 


168.0 




TOTAL LBNGTH 07 CR0880VBB FOB TBAOK CBNTBBS BXT43W 


Frog 
Number 


11' 


12' 


13' 


14' 


16' 


16' 




Feet 


Feet 


Feet 


Feet 


Feet 


Feet 





105.5 


111.6 


117.6 


123.6 


129.6 


135.5 


7 


135.3 


142.3 


149.3 


156.3 


163.3 


170.3 


8 


148.7 


166.7 


164.7 


172.7 


180.7 


188.7 


9 


158.8 


167.8 


176.8 


185.8 


194.8 


203.8 


9H 


166.4 


176.9 


186.4 


194.9 


204.4 


213.9 


10 


171.7 


181.7 


191.7 


201.7 


211.7 


221.7 


11 


206.0 


217.0 


228.0 


239.0 


260.0 


261.0 


12 


220.6 


232.6 


244^ 


256.6 


266.6 


280.6 


16 


290.4 


306.4 


320.4 


336.4 


360.4 


365.4 


16 


300.4 


316.4 


332.4 


348.4 


364.4 


380.4 


18 


321.4 


339.4 


367.4 


376.4 


393.4 


411.4 


20 


346.4 


366.4 


886.4 


406.4 


426.4 


446.4 


24 


392.4 


416.4 


440.4 


\ 4ft4A \ AS 


N^A 


\ 


lfcVl.X 



Vote. — Diatanoe (A) between frog poVutA VMMd oniorcoxiNft.*. 
tBDee= (tnek oenten — 2 x gauge) x frog uuixiXMic. 



HRES AND CHAl 



DiftKTQm below elves the sctual number of bond 



S J, ainils track rood (2 rails) for diitanHa up Ut 9 

I •> "SS eo5o feet. To thu should bo added 26 bond Cm 

|c ££ B'iree and 60 channd pins lur each switch, and to E^ 

6S «5k tho total S pet CBQl. added m cover loBB. -g-f 



5s Se ti 


» total 


SpBT 


cBfll. added lo 


-over loss. 




















































































































--1. i-^.- . 
























IZOO BOO 






.-ULp-^ 


j^-L/.j^l 










^-y-i- -ii-f 














-J- 


- 1 1 1 U -^-1-^ 








_^., 


. -^i~^ -,^o-; 


-|/ -Ja l}J- -I 


























ir- 


ttM* 


i^fe^El 




frt 


fr- -/y-' 














- + - 


r'i-i>','ti 


t: x^: i- - I 






































::iti':\'::: 


:::::::!:! 
















































is'--'- # 












T-/- 




T " ' — '~ 1 1~ T 


















/[-- 


4::xi::i 























100 





100 3000 


4000 50DD SOO 
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TWIST DRILL AND STEEL 


WIRE GAUGE 




No. 


8lM 


No. 


Size 


No. 


81m 


No. 


SlM 


No. 


81xe 


Inob 


Indi 


Incli 


Incli 


Inch 


1 


.2280 


13 


.1850 


25 


.1495 


87 


.1040 


49 


.0730 


2 


.2210 


14 


.1820 


26 


.1470 


38 


.1015 


50 


.0700 


3 


.2130 


15 


.1800 


27 


.1440 


39 


.0995 


51 


.0670 


4 


.2090 


16 


.1770 


28 


.1405 


40 


.0980 


52 


.0635 


5 


.2065 


17 


.1730 


29 


.1360 


41 


.0960 


53 


.0595 


6 


.2040 


18 


.1695 


30 


.1285 


42 


.0935 


54 


.0550 


7 


.2010 


19 


.1660 


31 


.1200 


43 


.0890 


55 


.0520 


8 


.1990 


20 


.1610 


32 


.1160 


44 


.0860 


56 


.0465 


9 


.1960 


21 


.1590 


33 


.1130 


45 


.0820 


57 


.0430 


10 


.1935 


22 


.1570 


34 


.1110 


46 


.0810 


58 


.0420 


11 


.1910 


23 


.1540 


35 


.1100 


47 


.0785 


59 


.0410 


12 


.1890 


24 


.1520 


36 


.1065 


48 


.0760 


60 


.0400 



Reprinted by permission from Kent's " Mechanical Engineers' Pocket Book.* 







STUBS* STEEL 


WIRE 


GAUGE 






No. 


Sixe 


No. 


Sise 


No. 


Sise 


No. 


Sise 


No. 


Sise 


Inch 


Inch 


Inch 


Inch 


Inch 


Z 


.413 


D 


.246 


19 


.164 


41 


.095 


63 


.036 


Y 


.404 


C 


.242 


20 


.161 


42 


.092 


64 


.035 


X 


.397 


B 


.238 


21 


.157 


43 


.088 


65 


.033 


w 


.386 


A 


.234 


22 


.155 


44 


.085 


66 


.032 


V 


.377 


1 


.227 


23 


.153 


45 


.081 


67 


.031 


u 


.368 


2 


.219 


24 


.151 


46 


.079 


68 


.030 


T 


.358 


3 


.212 


25 


.148 


47 


.077 


69 


.029 


s 


.348 


4 


.207 


26 


.146 


48 


.075 


70 


.027 


R 


.339 


5 


.204 


27 


.143 


49 


.072 


71 


.026 


Q 


.332 


6 


.201 


28 


.139 


50 


.069 


72 


.024 


P 


.323 


7 


.199 


29 


.134 


51 


.066 


73 


.023 





.316 


8 


.197 


30 


.127 


52 


.063 


74 


.022 


N 


.302 


9 


.194 


31 


.120 


53 


.058 


75 


,020 


M 


.295 


10 


.191 


32 


.115 


54 


.055 


76 


.018 


L 


.290 


11 


.188 


33 


.112 


55 


.050 


77 


.016 


K 


.281 


12 


.185 


34 


.110 


56 


.045 


78 


.015 


J 


.277 


13 


.182 


35 


.108 


57 


.042 


79 


.014 


I 


.272 


14 


.180 


36 


.106 


58 


.041 


80 


.013 


H 


.266 


15 


.178 


37 


.103 


59 


.040 


• • • 


• • • • 


G 


.261 


16 


.175 


38 


.101 


60 


.039 


• • • 


• • • • 


F 


.257 


17 


.172 


39 


.099 


61 


.038 


• • • 


• • • • 


E 


.250 


18 


.168 


40 


.097 


62 


.037 


• • • 


• • • • 



The Stubs' Steel Wire Gauge ia used in measuring drawn steel ^inx^ cs^ 
drill rods of Stubs' make, and is also used by xnaxi-y nkS^LVt^ q\ Ks&scv«:»2(^ 
drill rods. 
JltprMea by permission from Kentt "Mechanteol Englwecrtf Fota(«xB«ifcr 



(raNSSAI. RAILWAr SIONAIj CXIUPAKY 



erANDABD SCREW THREADS. NUT3. BOLT AN 


LAG 


HEAPS 








u. s 


STANDARD 








"is." 


rss 


"s." " 


Idlb ol 1 Oumae Dlam, 

riH 1 Dl»m. Hoi. or 

H«. Had an-Hnad 


Dloiro- 


HCIjbl 
at Bui 




loch 






Ineb 1 Inch locb 








U 


20 


,1SS 


ooez 




8 

H 


Hi. 






H. 


18 






■M. 


'«. 


>«. 


1%. 




H 




.aw 


0078 


•%. 


'M. 


•H. 


•14i 




«. 




.344 


0089 


**i> 


>fti 


m. 


•%• 




H 






0090 




% 




^> 




«* 




4S4 


OlM 


l'^ 


'H. 


IH. 


"«, 




>»* 








I'Ai 


1H> 


lu 


■!4) 




K 




.620 


01 2S 


m* 


m 


ly. 


% 




H 




.7ai 


0140 


I'Ma 


Ili. 


2H> 


'W. 




1 




-837 


01 50 


1% 


1<K 


2». 


»i. 




lU 






0180 


2Hl 


l'«. 


a» 


»?to 




lU 




i.oes 


0180 


3M« 




2*^ 


I 




1% 




i.iao 


021O 


2W 


2«B 


3Mg 


1K> 




Hi 








2»i 


2% 


3?9 


1«. 




IH 


EK 


1.389 


0227 


2'Wi 


a-fts 


3% 


I>!b 




1% 




I.4S0 


0250 


3«, 


2n 


3»%, 


l»6 




I'A 




1-615 


025O 


ai«. 


2'K« 


4«. 


I'fe 




3 


4H 


1,712 


028O 


3% 


3K 


*«. 


l<»< 




214 


i¥> 






4M. 


3» 


4>Hj 


m 




2H 




2.175 


031O 


4W 


31i 


G» 


I'ft. 




3« 




3 425 


03 10 


4'H, 


4U 





3W 






avk 


2.828 


03B7 


6% 


4S 


6H8 


2«<. 




SU 


aw 


2,878 


0357 


5^1 


G 


7«i 


2Vi 




3H 


3« 






e%i 


6% 


7H 


2"«o 




34i 


3 


3,317 


0410 


6% 


6li 


a«a 


2'^ 




4 


3 


3,566 


0410 


7?i« 


e^ 


BHi. 


3M. 




4tt 


2« 






7H 




OV. 


3tt 




4>^ 


2!'. 


4.027 




7»li, 




9% 


3M. 




4% 


3% 


4.255 


0480 


S^i 


7ii 


10%, 


3% 






SH 


4,480 




6'tU 


7H 


10'«o 


3i«. 




5U 


SV, 


4,730 


0500 


SV.L 


s 


11% 


4 




S^i, 


2% 






9'V,t 




W'/ai 


4W. 




sy. 


a^K. 


5.203 




iQ'i 


S»i 


12v4o 


4% 


z 


e 


aVt 


5.423 


"S^^ 


10*iii 


9>^ 


12«. 


4«. 



lanansleirf «0&«^w>i'«^^Vi&*^^«V«»i^ 
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8TANDABD BiACHINE SCREWS 



No. 


TlveMls 

per 

Ineh 


Dlam. 
of Body 


DUun. 

of FUt 

Head 


Dlam.oflDlam.of 

Round Fllister 

Head Head 


LSNOTHS 


Clear- 
ance 
DrlU 


From 


To 


laeb 


Inch 


Indi 


Inch 


Inch 


Inch 


2 


56 


.0842 


.1631 


.1544 


.1332 


%e 


H 


41-43 


4 


32,36,40 


.1105 


.2158 


.2028 


.1747 


%e 


% 


30-32 


6 


30,32 


.1368 


.2684 


.2512 


.2175 


%e 


1 


27-28 


8 


30,32 


.1631 


.3210 


.2936 


.2610 


% 


1% 


17-18 


10 


24, 80, 32 


.1894 


.3737 


.3480 


.3035 


Vl 


IH 


11- 8 


12 


20,24 


.2158 


.4263 


.3922 


.3445 


% 


1% 


2- 1 


14 


20,24 


.2421 


.4790 


.4364 


.3885 


% 


2 


¥4 



NoTB. — Lengths vary by 16ths from 9i« to Vg, by 8ths from yg to IH. by 
4tb8 from 1^ to 2. 



STANDARD DIMENSIONS OF WROUGHT-IRON WELDED PIPE 

BRIGGS' STANDARD 



Xominal 
Inside 


Actual 

Outside 

Diam. 


Thickness 
ot Metal 


Length of 

Pipe per 

8q. Ft. 

Outside 

Surface 


Internal 
Area 


Weight of 

Pipe per 

Lineal Foot 


Number of 
Threads 
per Inch 


Ins. 


Ins. 


Ins. 


Ft. 


8q. In. 


Lbs. 


No. 


% 


.540 


.088 


7.075 


.104 


.42 


18 


% 


.675 


.091 


5.658 


.191 


.56 


18 


% 


.840 


.109 


4.547 


.304 


.84 


14 


% 


1.050 


.113 


3.638 


.533 


1.12 


14 


1 


1.315 


.134 


2.904 


.861 


1.67 


11% 


1% 


1.660 


.140 


2.301 


1.496 


2.24 


11% 


1% 


1.900 


.145 


2.010 


2.036 


2.68 


11% 


2 


2.375 


.154 


1.608 


3.356 


3.61 


11% 


2H 


2.875 


.204 


1.329 


4.780 


5.74 


8 


3 


3.500 


.217 


1.091 


7.383 


7.54 


8 


3% 


4.000 


.226 


.955 


9.887 


9.00 


8 


4 


4.500 


.237 


.849 


12.730 


10.66 


8 


4% 


5.000 


.246 


.764 


15.961 


12.34 


8 


5 


5.563 


.259 


.687 


19.986 


14.50 


8 


6 


6.625 


.280 


.577 


28.890 


18.76 


8 


7 


7.625 


.301 


.501 


38.738 


23.27 


8 


8 


8.625 


.322 


.443 


50.027 


28.18 


8 


9 


9.625 


.344 


.397 




\ ^.1^ 


\ ^ 


10 


10.7b , 


.366 


.355 


\ Aft.^ 


\ '^ 



\ 



OBNBRAL HAILWAV SIONAL COMPANT 





SQUARE 


HEAD LAG SCREWS 










DIIDH* 


M* 


" 


y. 


M «a Ni « 




t-enftt 
Incboi 


AyBTHS. Weight oer Hunarcd 


LM. 


LlA 


LBl 1 Lhn. 


I*.. 


Lbl. 


1*., 


... k™.| 


1% 
2 

2Vi 
2H 

5 
Hi 


10 

11 

12 


2 
3 
3 

2 


9 

10 

13 
IG 
16 
18 


6 

7 
2 

a 

s 




e 

10 

u 

18 

22 
2i 
27 


2 

9 

8 

8 

7 

e 


13 
11 

" 

19 

3* 

29 
31 




26.0 
29.3 

3S.fi 

12.7 


21 

29 
32 

11 

18 




43 

53 
fiS 

77 



8 

B 


86.0 
00,0 

106,0 


90 

113 
128 
138 







COMMON WIRK 


NAILS 








... 


l^glli 


iSl" 


n™CV 


LbH^r 




2D 


1 


.073 


876 


1.11 




3D 


IVt 


.080 


568 


1 


7a 




4D 


IW 


,100 


316 


3 


16 




6D 


i'i 


,100 


271 


3 


69 




6D 


2 


.113 


181 


5 


53 




7D 


2V. 


.113 


161 


6 


21 




8D 


214 


.131 


106 


9 


43 




9D 


2'!i 


.131 
,148 


69 


1* 


* 




12D 


3W 


,148 


63 


15 


9 




16D 


3H 


.162 


49 


20 


1 




20D 


1 


102 


31 


32 


3 




30D 


Hi 


.207 


31 


41 


7 




lOD 


5 


.225 


18 


55 


6 


1 m 


5W 


.244 


11 


71 


4 


1 »0D 


6 


.263 


\ \\ 


V «.^ I 
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TABLE OF BOARD BIEASURE 




8lM 


Length In Feet 


10 


12 


14 


16 


18 


Feet Board Measure 


1x2 


1% 


2 


2% 


2% 


3 


1x4 


3H 


4 


4% 


5% 


6 


1x0 


5 


6 


7 


8 


9 


1x8 


0% 


8 


9% 


10% 


12 


1x10 


8^ 


10 


11% 


13% 


15 


1x12 


10 


12 


14 


16 


18 


1x14 


11% 


14 


16% 


18% 


21 


2x4 


6% 


8 


9% 


10% 


12 


2x0 


10 


12 


14 


16 


18 


2x8 


13^ 


16 


18% 


21% 


24 


2x10 


10% 


20 


23% 


26% 


30 


2x12 


20 


24 


28 


32 


36 


2x14 


23% 


28 


32% 


37% 


42 


3x8 


20 


24 


28 


32 


36 


3x10 


25 


30 


35 


40 


45 


3x12 


30 


36 


42 


48 


54 


3x14 


35 


42 


49 


56 


63 


4x4 


13% 


16 


18^^ 


21% 


24 


4x6 


20 


24 


28 


32 


36 


4x8 


26% 


32 


37% 


42% 


48 


4x10 


33% 


40 


46% 


53% 


60 


4x12 


40 


48 


56 


64 


72 


4x14 


46% 


56 


65% 


74% 


84 

\ 



Nora.— Len^rth in feet X width in feetXtYjMiVxi«» m Na«^^^^^=>'**^'^** 
}/f0et board meaaure, (1 ou. ft. ol lumber =12 \>o«aE^ iQ«^>^ 



CBNCRAI. RAILWAY STONAL COMPANY 



BADMfrS HYDROMETER AND 


PECIFIC 


GRAVITIES 




COUFfLllED 






Llquldi 


Iquldi 




Liquid.! 


Llqillda 


Pi™* 




isr 










Wiwr. 












Bp. Or. 


COr' 




Bo. Or 


an Or. 


0.0 


1.000 


,,-. 


28.0 


1 239 


O.sae 







1.007 






29 
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SPECIFIC GRAVITY OF LIQUIDS AT 00 DEGREES FAHR. 



Acid, Muriatic 1.200 

Acid, Nitric 1.217 

Acid, Sulphuric, 1 .849 

Alcohol, pure, 0.794 

Alcohol, 95 per cent., . . 0.816 
Alcohol, 60 per cent., . . 0.934 
Ammonia, 27 .9 per cent., . .891 

Bromide, .2.97 

Carbon, disulphide, . . . 1.26 
Ether, Sulphuric, . . . .0.72 
Oil. Linseed 0.94 



OU,OUve 0.92 

OU, PaUn, 0.97 

Oil, Petroleum, . . . 0.78 to 0.88 

Oil, Rape, 0.92 

Oil, Turpentine, . . . 0.87 

OU, Whale 0.92 

Tar, 1. 

Vinegar 1.08 

Water, 1. 

Water, Sea, .... 1 .026 to 1 .03 
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SPECIFIC GRAVITY AND WEIGHT OF WOOD 



Alder, . . . . 
Apple,. . . . 
Ash, . . . . 
Bamboo, . . 
Beech, . . . 
Birch, . . . . 
Box, . . . . 
Cedar, «... 
Cherry, . . . 
Chestnut, . . 
Cork, . . . . 
Cypress, . . . 
Dogwood, . . 
Ebony, . . . 
Elm, . . . . 

Fir 

Gum, . . . . 
Hackmatack, . 
Hemlock, . . 
Hickory, . . . 
Holly 



Speelfle 
Gravity 



0.56 
0.73 
0.60 
0.31 
0.02 
0.56 
0.91 
0.40 
0.61 
0.46 
0.24 
0.41 
0.76 
1.13 
0.56 
0.48 
0.84 
0.50 
0.36 
0.60 
0.76 



Avge. 
toO.80 0.68 
to 0.70 0.76 
to 0.84 0.72 
toO.40 0.35 
toO.85 0.73 
toO.74 0.66 
tol.33 1.12 
toO.75 0.62 
to 0.72 0.06 
to 0.66 0.56 

0.24 
toO.66 0.53 

0.76 
tol.33 1.23 
toO.78 0.61 
to 0.70 0.50 
to 1.00 0.02 

0.50 
toO.410.88 
toO.04 0.77 

0.76 



m 

^8 



42 
47 
45 
22 
46 
41 
70 
30 
41 
35 
15 
33 
47 
76 
38 
37 
57 
37 
24 
48 
47 



Hornbeam, 
Junipo*, . 
Larch, . . 
Lignum vitflB 
Linden, . . 
Locust, . . 
Mahogany, . 
Maple, . . . 
Mulberry, . 
Oak, live, . 
Oak, White, 
Oak, Red, . 
Pine, White, 
Pine,YeIlow, 
Poplar, . . 
Spruce, . . 
Sycamore, . 
Xeaic, . 
Wahiut, . . 
Willow, . . 



Specific 
Gravity 



0.76 
0.56 
0.56 
0.66 to 
0.604 
0.728 
0.56 to 
0.57 to 
0.56 to 
0.96 to 
0.60 to 
0.73 to 
0.35 to 
0.46 to 
0.38 to 
0.40 to 
0.50 to 
0.66 to 
0.60 to 
0.40 to 



Avge. 

0.76 

0.56 

0.56 

1.33 1.00 



1.06 0.81 
0.79 0.68 
0.90 0.73 
1.261.11 
0.86 0.77 
0.75 0.74 
0.55 0.46 
0.76 0.61 
0.58 0.48 
0.60 0.46 
0.62 0.60 
0.08 0.82 
0.67 0.58 
0.50 0.54 



^1 



47 
35 
35 
62 
37 
46 
51 
42 
46 
60 
48 
46 
28 
38 
80 
28 
37 
51 
36 
34 
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Cameut, Fortlud, . . . 
Cnaent, PoitUuid, 1oo«, 
Cement, Fortlkiul, la bans 

Concretfl 

Earth, looM 

Elaxth, TUnmed 

Qlw..' 
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8FECIFI0 QRAVITY AND WBIQHT OF METALS 



Aluminum, .... 

Antimony, .... 

Bismuth, 

Braas: Copper +Zino 
80 20 
70 30 
60 40 
60 60 , 

Bn>n«e^^ 6to20 

Cadmium, 

Calcium, 

CSuomium, 

Cobalt, 

Gold, pure, 

Copper, 

Iridium, 

Iron, Cadt, 

Iron, Wrought, . . , 

Lead, 

Manganese, 

Magnesium, . 



} 



Mercury, 



Nickel, . . 
Platinum, . 
Potassium, 
Silver, . . 
Sodium, . 
Steel,. . . 
Tin, . . . 
Titanium, . 
Timgsten, . 
Zinc, . . . 



r 32« 

.•! 60» 

1 212* 



Speettle Gravity. 

Range Aocording 
to Several 
Attthorttles 



2.56 to 2.71 
6.66 to 6.86 
9.74 to 9.90 



7.8 to 8.6 



8.52 to 8.96 

8.6 to 8.7 

1.58 

5.0 

8.5 to 8.6 

19.245 to 19.361 

8.69 to 8.92 

22.38 to 23. 

6.85 to 7.48 
7.4 to 7.9 

11.07 to 11 .44 
7. to 8. 
1.69 to 1.76 
13.60 to 13.62 

13.58 
13.37 to 13 .88 
8.279 to 8.93 
20.33 to 22.07 

0.865 
10.474 to 10.511 

0.97 
7.69* to 7.932t 
7.291 to 7.409 

5.3 
17. to 17.6 

6.86 to 7.20 



Speetflo Grav- 
ity. Approz. 
Mean Value, 

uaed In 
Calculation of 

Weight 



2.67 
6.76 
9.82 




8.853 

8.65 

1.58 

5.0 

8.55 
19.258 

8.853 
22.38 

7.218 

7.70 
11.38 

8. 

1.75 
13.62 
13.58 
13.38 

8.8 
21.5 

0.865 
10.505 

0.97 

7.854 

7.350 

5.3 
17.3 

7.00 



Weight 



Cubic 
Foot 



Lbs. 



166.5 
421.6 
612.4 

536.3 
523.8 
521.8 
511.4 

552. 

539. 
98.5 
311.8 
533.1 

1200.9 
552. 

1396. 
450. 
480. 
709.7 
499. 
109. 
849.3 
846.8 
834.4 
548.7 

1347.0 
53.9 
655.1 
60.5 
489.6 
458.3 
330.5 

1078.7 
436.5 



Weight 
Oublo 



Lbs. 



0.0963 
0.2439 
0.3544 

0.3103 
0.3031 
0.3017 
0.2959 

0.3105 

0.3121 
0.0670 
0.1804 
0.3085 
0.6949 
0.8195 
0.8076 
0.2604 
0.2779 
0.4106 
0.2887 
0.0641 
0.4015 
0.4900 
0.4828 
0.3175 
0.7758 
0.0312 
0.3791 
0.0350 
0.2834 
0.2652 
0.1913 
0.6243 
0.2526 



* Hard and burned. 

t Very pure and soft. The sp. gr. decreases as the carbon is increased. 

In ihe nrst column of figures the lowest are usually those of cast metals, 
which are more or less porous; the highest are of metals finely rolled or 
drawn into wire. 
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TABLES OF WEIGHTS AND MEASURES 

LlKBAR MRASURE j 

12 inches (in.), - - . . =lfoot(tt.) I 

8 feet. -1 yard (yd.) I 

5.5 yards. =lrod(rd.) ] 

40 rods -1 furlong (fur.) . 

8 furloDEB' =1 mile (mi.) , 

lini.-8fur.-320roda = 1760yd. = 5280 ft. -63.360 in. ' 

Squakb Measure * 

144 aquareincheB(Bq.iti.), ^1 square foot (aq. ft.) 

9 square feet, . . , ^ I square yard (sq. yd.) 
3014 square yards, . ... - 1 square rod (sq. rd,) 

160 square rods, . . . = 1 acre (A) 

640 acres, =1 square mile (sq. mi.) 

1 sq. mi. = 640 acres = 102,400 aq. rd.- 3,097.600 sq. yd.= 
27,878,400 sq. ft.=4,O14,489,0OO sq. in. 

Cubic Meabubb ' 

1,728 cubic inches (eu. in.), =1 cubic foot (cu, ft.) 

27 cubic feet, =1 cubic yard (cu. yd.) 

128 cubic feet, ... . -1 cord (cd.) -^ 

849i cubic feet, . , . . , =1 perch (P.) * 

1 cu. yd. = 27 cu. ft, =46,G5S cu, in. 

MBAauRES OP Angles or Arcs 
60 seconds ("), .... =1 minute (') 

60 minutes, =1 degree (") 

90 degrees, =1 right angle or quadrant ( i 

360 degrees , = 1 circle (cu'.) 

1 cir.=360'=21.600' = l,296,000''. 

Avoirdupois Weight 
437.5 grains (gr.), .... =lounce(oz.) 

16 ounces, =1 pound (lb.) 

100 pounds. ,,..,,, =1 hundredweight (cwt.) 
20 cwt. or 2,000 lb., . . -lton(T.) 
1 T. =20 cwt.=2,000 lb. -32,000 oz. =14,000,000 gr. 
The avoirdupois pound contains 7,000 grains. 

Dry Measure, 

2 pints (pt.), =1 quart (qt.) 

8 quarts, =1 peck (pk.) 

4 pecks,. =1 bushel (bu.) 

1 bu."^4pk.-32qt.=64pt. 
Tie U. S. struck bushel contains 2,150.42 cubic inches 
1.2444 cubic feet. By law, \ta i\me\ia\cit\& ^-te ttose of 
cylinder 18\i inches in toi.m««t Mii *> \T«L\*a ies^. '^ 
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heaped bushel is equal to IM struck bushels, the cone being 
six inches high. Tne dry gallon contains 268.8 cubic inches, 
being ^ of a struck bushel. 

For approximations, the bushel may be taken at IV^ cubic 
feet, or a cubic foot may be considered % of a bushel. 

The British bushel contains 2,218.19 cubic inches -1.2837 
cubic feet -1.032 U. S. bushels. 

Liquid Measure 

4 gills (gi.), =lpint(pt.) 

2 pints, =1 quart (qt.) 

4 quarts, =1 gallon (gal.) 

31^ gallons, -1 barrel (bbl.) 

2 barrels, =1 hogshead (hhd.) 

1 hhd. =2 bbl.=63 gal. =252 qt. = 504 pt.= 2,016 gi. 

The U. S. gallon contains 231 cubic inches = .134 cubic feet 
approximate ; or 1 cubic foot contains 7.481 gallons. The fol- 
lowing cylinders contain the given measures very closely : 



Diam. Height 

GiU, 1% in. 3 in. 

Pint, 3% in. 3 in. 

Quart, .... 3% in. 6 in. 



Diam. Height 

Gallon, . . 7 in. 6 in. 

8 gallons, . 14 in. 12 in. 

10 gallons, . 14 in. 15 in. 



When water is at its maximum density, 1 cubic foot 
weighs 62.425 pounds and 1 gallon weighs 8.345 pounds. 

For approxmaations, 1 cubic foot of water is considered 
equal to 7% zallons and 1 eallon as weighing S% pounds. 

The British Imperial gallon, both liquid and dry, contains 
277.274 cubic inches = .16046 cubic feet, and is equivalent to 
the volume of 10 pounds of piu'e water at 62 degrees Fahr. 
To reduce British to U. S. liquid gallons, multiply by 1.2. Con- 
versely, to convert U. S. into British liquid gallons, divide 
by 1.2 ; or, increase the number of gallons M». 

Miscellaneous Table 

12 articles, =1 dozen. 

12 dozen, =1 gross. 

12 gross, =1 great gross. 

2 articles, =1 pair. 

20 articles, =1 score. 

24 sheets, =1 quire. 

20 quires, =1 ream. 
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FRENCH EQUIVALENTS OP AMERICAN AJS 
BRITISH MEASURE 



Measures of Length 

French British and U. S. 

(89.37 inches 

1 metre, - •< or 3.28083 feet 

( or 1.09361 yard 

.8048 metre, =1 foot 

1 centimetre, = .3937 inch 

2.54 centimetres, « 1 inch 

l»"^«tre '{-^nn^nZ^ 

25.4 millimetres, »1 inch 

I'^-^t- -UKSS?*" 

Measures of Surface 
French British and U. S. 

1 square metre, ^ (10.764 square f« 

^ "icwc, I 1.196 square ya 

.836 square metre, « 1 square yard 

.0929 square metre, =1 square foot 

1 square centimetre, =°. 155 square inch. 

/» Mm xi J 1 : i_ 
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Measures op Volume 

French British and U. S. 

1 «„w« *v*«fi.^ = i 35.314 cubic feet 

1 cubic metre, =" j 1.308 cubic yards 

.7645 cubic metre, =1 cubic yard 

.02832 cubic metre, =1 cubic foot 

1 ^«w« A^i^r.4^r^ =- i 61.023 cubic inches 

1 cubic decimetre ' 1 .0353 cubic foot 

28.32 cubic decimetres, — 1 cubic foot 

1 cubic centimetre, =» .061 cubic inch 

16.387 cubic centimetres, =1 cubic inch 

1 cubic centimetre = 1 millilitre, =.061 cubic inch 

1 centilitre, = .610 cubic inch 

1 decilitre, =6.102 cubic inches 

llitre = l cubic decimetre, . . = { Kn'qSrJ^^^ 

1 hectolitre or decistere, . . . = j I'^f l^hJ^V, S. 

1 stere, kiloHtre, or cubic metre, - { l§^^ b^heClfs. 

Measures op Capacity 
French British and U, S, 

^61.023 cubic inches 
.03531 cubic foot 
1 litre (1 cubic decimetre), . . = ^ .2642 gallon (Am.) 

2.202 pounds of 
, water at 62** Fahr. 

28.317 litres, -1 cubic foot 

4.543 litres =1 gallon (British) 

3.785 litres, =1 gallon (American) 

Measures op Weight 
French British and U, S. 

1 gramme, =15.432 grains 

.0648 gramme, =1 grain 

28.35 grammes, =1 ounce avoirdupois 

1 kilogramme, =2.2046 pounds 

.4536 kilogramme, =1 pouna 

r.9842 ton of 2,240 

1 tonne or metric ton, pounds 

1,000 kilogrammes, = 19.68 cwts. 

. 12204.6 pounds 

1.016 metric tons, = I 1 ton of 2,240 

1,016 kilogrammes, =) pounds 
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GENERAL RAILWAY SIGNAL COMPANY 



SQUARES, CUBES, SQUARE ROOTS AND CUBE ROOTS OF 

NUMBERS FROM 0.1 TO 100 





No. i Square 


Cube 


Sq. 
Root 


Cube 
Root 


No. 


Square 


Cube 


Sq. 
Root 


cube 
Boot 




0.1 


.01 


.001 


.3162 


.4642 


3.1 


9.61 


29.791 


1.761 


1.-458 




.15 


.0225 


.0034 


.3873 


.6313 


.2 


10.24 


32.768 


1.789 


\.m 




.2 


.04 


.008 


.4472 


.6848 


.3 


10.89 


35.937 


1.817 


l.M 




.25 


.0025 


.0166 


.600 


.6300 


.4 


11.66 


30.304 


1.844 


l.SOt 




.3 


.09 


.027 


.6477 


.6694 


.6 


12.25 


42.875 


1.871 


l.SU 




.35 


.1225 


.0429 


.6016 


.7047 


.6 


12.96 


46.656 


1.807 


1.593 




.4 


.16 


.064 


.6325 


.7368 


.7 


13.60 


60.653 


1.924 


1.M7 




.45 


.2025 


.0911 


.6708 


.7663 


.8 


14.44 


64.872 


1.949 


l.M 




.5 


.25 


.125 


.7071 


.7937 


.9 


15.21 


69.819 


1.975 


1.574 




.65 


.3025 


.1664 


.7416 


.8193 


4. 


16. 


64. 


2. 


1.5874 




.6 


.36 


.216 


.7746 


.8434 


.1 


16.81 


68.921 


2.025 


i.eoi 




.65 


.4225 


.2746 


.8062 


.8662 


.2 


17.64 


74.068 


2.040 


1.(03 




.7 


.49 


.343 


.8367 
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APPENDIX 



CX)VERING REPHINT OF PREFACE 
FROM TAYLOR (G. R. S.) CATALOGUE 
NO. 1, INFORMATION REQUIRED FOR 
THE DRAWING UP OF INTERLOCKING 
ESTIMATES, AND A LIST OF G. R. S. 
ELECTRIC INTERLOCKING LEVERS 

INSTALLED 



APPENDIX 



REPRINT OF PREFACE 

From Catalogue No. 1 (1902), Taylor Sipnal Company, Buffalo, 
N. Y. Taylor Signal Comvany acquired by the General Katlr 
way Signal Company in 1904. 

IN the last few years there has been a phenomenal mcrease 
m tonnage hauled on American railways, necessitating 
the purcmuse of more and better engines and cars of larger 
capacity, equipped with the best safety devices. Enor- 
mous sums have been esroended in taking out curves, cutting 
down grades, laying adcutional main tracks, putting in new 
sidings, and providing improved terminal uicilities. But, 
notwithstanding all these improvements, many lines find it 
impossible to handle their business with sufficient dispatch to 
avoid congestion. This fact has led many progressive Ameri- 
can railway managers to realize that if they are to secure the 
best and most economical returns from the great expenditures 
made for motive powo*, car equipment, and tracks, suitable 
means must be provided to enaole their trains to move with a 
minimum of delays and a maximum of safety; and this can 
only be realized when train orders are supplanted by an up-to- 
date block system and hand operated switches by a modem 
system of interlocking. 

The very highest development of the art of signaling has 
been reached in this country, but no American railway is nearly 
so thoroughly equipped with signaling as is the average English 
line. 

This lack of signal equipment will be better comprehended 
after considering some simple statistics. 

The first interlocking plant installed on the London and 
Northwestern Railway was put in service in 1859; fourteen 
years later, in 1873, there were in use on that line alone 13,000 
levers. At the same date there was not a single interlocking 

Elant in use in the United States, the first plant in this country 
aving been installed in the year 1874 by Messrs. Toucy and 
Buchiman at Spuyten Duyvil Junction, in New York Ci^. 

At the present time (1902) there are in use on the 1,800 
miles of hne of the London and Northwestern Railway ap- 
proximately 36,000 interlocked levers, or an average of about 
twenty levers per mile of line, whereas there are only about 
40,000 in use on all lines of the United States, or, approxi- 
mately, one lever to five miles of line, or about 1 per cent, 
of the number of levers per mile used on the London and 
Northwestern Railway. 

When it is remembered that probably more than one-half 
of the interlocked levers in use in this country ^^ ^ ^B:^&s^ 
crossings, leaving fewer than 20,000 \eveca \3J^ iox ^^^^^J^ 
yard and termioii work, whereas pTactkaWy >i)ittfc ec^ax^^^N^^ 
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on the L. & N. W. are used for aacfa work alone, it will be recog- i 
nized that American railways are in eenerai very poorly pro- | 



vided with modern aienal appliances. In fact, there ia probably 
to-day not a single American railway that ia nearly so thD> 
oughly equipped as the London and Northwestern was twenty- 



n years ago. though, as might be expected, the devices it 
use on American lines uaving properly organized signal depart- 
ments, capable of making suitable specifications, compare 
favorably with the best in use on European lines and, in nu- ' 
meroua instsncea, large power plants are in use which are supe- 
rior to anything ever devised abroad. j 

There can be no queatton as to the inability of most of our 
railways to move their trains with proper safety and di^atcb 
during times when traffic is heavy; no competent raUwaj 
operating ofScer doubts that proper systems of signaling would i 
greatly aid in the safer and more rapid movement of trains I 
and, whiie there are probably few American railway men 
who recognize fully how very far behind the beat European \ 
lines our litiea are in respect to the completeness of their signal ( 
equipment, this is becoming better understood every year ] 
and there is reason to believe that our most progressive Unes 
will not much longer continue to limit the applications of 
interlocking to the protection of grade croaaingB with here 
and there a junction or yard plant. i 

Such being the case, it is probable that more signaling will 1 
be done in tne near future than has ever before been done in 
this country and American railway managers will, therefore, 
find it greatly to their advantage to give serious consideration 
to the determination of what system of interlocking they can 

The earliest system employed and that in most general use 
at this time is the so-called "mechanical interlocking" in 
which the switches or signals are manually worked by means 
of interlocked levers connected with them by pipe or wire lines. 

When properly installed, this system has riven satisfactory 
results; out, unfortunately, in tne effort of railway men to 
secure cheap appliances and in the stress of competition be- 
tween the various manufacturers of signaling devices, a great 
many of the installations made in this counto' are very imper- 
fect and unsafe. 

Experience has shown that, in order to secure a reasonable 
degree of safety, it is absolutely essential that the following 
requirements be met: 

All derails, movable point frogs, locks, switches and home 
signals should be worked by pipe; no signal should be worked 
by a. single wire ; all pipe and wire lines should be autotnatic- 
aiiy compensated; a\i deraiVa, mQ-jB,\i\e wiw*, t!Hi^«.n.d facing 
pojnt switches should be ptov\4ei wtti. eKLV^ei. \'it\-oa -^^ioB. 
lockB; all cranks and p\pe compe^^Ta^^^i\»t^Tj^^ 
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taken into the system; no lever should be overloaded by 
putting on it such a number of switches and bars as to pre- 
vent a man of average strength from throwing it with one 
hand. 

Where these and other proper specifications have been fol- 
lowed, fair results have been obtained, though it has long 
been recognized by American railway operatii^ officials that 
this system has inherent defects that render it, under certain 
conditions, imsafe. For example, in the event of the breaJkage 
of a pipe or wire operating a signal, there can be no absolute 
assurance that such breakage will be known by the leverman 
or that such signal will occupy a position corresponding with 
that of its lever or that it will not indicate "line clear'' when, 
its lever being normal, another and opposing signal is set at 
••line clear." 

The fatigue incident to working mechanical levers is very 
ereat, so that it is frequently necessary to employ three eight- 
nour levermen for a comparatively small plant where the 
numb^ of lever movements is considerable; if the plant is 
very lai^, it is sometimes necessary to employ as many as 
eight men on each of three shifts. 

Moreover, under certain conditions it is very costly to operate 
such a system. For example, in cases where the distance 
between the extreme switches to be operated is over 1,600 
feet, it is generally necessary to provide two mechanical inter- 
loclang towers, each with its own set of levermen, as it is 
neither safe nor practicable to work such switches from one 
tower. It is interesting to note in this connection that imder 
the English Board of Trade requirements, which are wisely 
drawn and rigidly enforced, no facing point switch may be 
operated at a distance exceeding 540 feet from the tower. 
Eiven at this distance it is considered that ordinary pipe lines 
are not sufficiently strong or safe and many English lines now 
employ a steel channel section, cut to eighteen foot lengths and 
jointed by means of fish plates secured by six one-hsdf inch 
bolts, this construction admitting of ready detection of rods 
weakened by corrosion and of their easy removal. 

In order to overcome these and other disadvantages inherent 
in systems of mechanical interlocking, the ''pneumatic system ** 
was devised by Mr. George Westinzhouse, «lr., the first working 
installation having been made at the crossing of the P. and R. 
and L. V. Railways, near Bound Brook, N. J., in 1884. 

At the present time two varieties of this system are in use, 
one, popularly known as the ''electro-pneumatic," in which 
air compressed to a working pressure of about sixty pounds 
is employed for moving switches and signals and in which thj& 
release locking is effected by electro-ma^^ethfi Tii^sd.Tk&\ vx^^^^c^ 
other, popularly known as the "low pxeasoa^ ^TkS2Qax!ai6s5.V ^ 
which air at a pressure of about twenty ^\)2cl^ "^""^^^^ob 
ypenttioD and m which compreaaed «a A«cX& ^^^ ^^^^ 
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Some of the advantages claimed for thia system are aa 
follows : 

The ability to operate switcbes and signala at any deaired 
diftance from thi? cabin; that switches are actually required 
to be moved and securcty locked in the proper position before 
a signaljfoveTDiQg traffic over tbem can oe cleared; that each 
BJgoal, when cleared, automatically locks the lever operating it 
in such manner as to prevent the release of levers controlmig 
conHicticg signals and switches, until such signal has been 
Rgain placed completely at dancer, thus effectually providing 
■^inst the nmulCaneouB display of two conflicting clear 
ngnals; that, there being no moving parts between cabin 
and switches and signals, wear of meclmnism. lost motion and 
the troublesome and dangerous effects of expansion and con- 
traction of mechanically operated pipes and wires are all 
diminated; that much less room is required for leadout con- 
Sections tl»n in a mechanical plant and much v-aluable space 
u thereby saved; that cabins of much smaller and lignter 
design are used; that the operation of the machine requires so 
little physical exertion that one man can do the work that 
would in a mechanical plant require three or four. 

There can be no doubt that both varieties of the pneumatic 
ngtem are far better adapted for the working of laj^e plants 
tnan the mechanical aa both lai^dy fulfill tne claims above 
referred to. 

It ia, however, found that in the electro-pneumatic systera 
a cross between tbe release locking (commonly known as '' indi- 
cation") wire and the common return wire (or ground), will 
have the same eSect an would tbe cioslag of the indication cir- 
cuit in the proper manner, thus giving a false indication, which 
in view of the fact that the safety of any power interlocking 
depends upon the reliability of its indications, is highly objec- 
tionable. It is also found that where the indication is given 
by means of compressed air the release locking is often effected 
very slowly in cases where switches or signals are located at a 
considerable distance from the tower and this, at a busy plant, 
is also very objectionable. 

Another disadvantage of the low pressure pneumatic system 
is that if a switch, rneeting any obstruction, fails to complete 
its movement and to give indication, it is necessary either for 
a repairman to go immediately to the switch and operat« it 
by hand or for tne leverman to force the indication, which is 
often done and is evidently dangerous. Thus, in one style of 
the pneumatic system there is the defect due to possibility of 
false indication and in the other the defect due to alow indi- 
cation and to inability to reverse a switch which has not fully 
completed its movement. Some o'Oaec fiiiaaA-iMi^aijpa of the 
pneumatic aystema are aa loWo'Ma: 

Liability to freezing of pi-pea a-nft. -^*\n^ '''^^^^.^ 
weatier; ^high cost ol i-P^W^'^^^^^t^'^^^n 
fiear switches under trains vi'neia. <i'«^''% *" 
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weather, it is necessary to maintain higher than normal pres- 
sures in order to be able to work switches forthest from tower; 
high cost of maintenance owing to rapid deterioration of iron 
pipe lines placed undergroimd and subjected to action of 
various salts and alkalies foimd in soil and to electrolytic 
action from electric railway and lighting circuits; difficulty 
and cost of locating leaks and breaks m pipe lines under ground ; 
extremely hish cost of installing and operating medium sized 
and small plants or a small number of switches or sienals 
located at a considerable distance from the towo* in a large 
plant. 

To overcome these and other objectionable features of the 
pneumatic system, the ''electric" system was devised. 

This system, the invention of Mr. John D. Taylor of Chilli- 
cothe, Ohio, was first installed by him on the B. & O. S. W. 
R'y at East Norwood, near Cincinnati, Ohio, in 1891; in 
1893 certain improvements were introduced by him in the 
methods of givmg indications, the installation remaining 
otherwise as ori^nally made. For some years after 1893, 
only a few small installations were made by Mr. Taylor owing 
to lack of sufficient capital to develop his inventions on a 
large scale, but in May, 1900, the Taylor Signal Company was 
orgjanized in Buffalo, N. Y., and since that time a great number 
of installations, varying in size from the equivalent of 6 to 225 
mechanical levers, have been made on important lines of 
ndlway in the United States and Europe. 

In the Taylor (G. R. S.) electric system, switches and signals 
are operated by means of electric motors, the current for 
these motors bSng furnished generally by a storage battery, 
charged from a dynamo driven by an electric motor or gas 
engine. The release locking is effected by an electro-magnetic 
device placed under each mterlocking lever and actuated by 
a dynamic current furnished by the switch or signal motor 
controlled by such lever, when and only when a switch has 
moved to a position corresponding with that of (he lever and is 
hoU locked in that position or when a signal arm has moved to its 
full danger position. Crosses between an indication wire and 
common return wire (or ground) or any oth@r wire of the 
system, can at worst only prevent the giving of indication and 
cannot by any possibility result in the giving of a false clear 
indication as can occur in other systems employing electro- 
magnetic indications. Moreover, in this system, indications 
are given instantaneously upon completion of locking of switch 
or <S movement of signal to its stop position, irrespective of 
the distance of such switch or signal from the tower, thus 
effecting a great saving in the time required brj ^xs^ ^^E^ssBiL 
using pneumatic indications, to set up a tcmlXj^. 

If, when a switch is thrown, it taWs ttt eoTK^^^)^ '^^:^?^JS 
ment owing to some obstructioTi Ynst^eea v^vdX. ^J^,^j 
vil, or for any cause whatever, the ew\tft\i ««v\ife t«^^ 
be leverman tx> its original portion and aao^iXMesc «i» 
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be made to perform the desired movement, ofttiraea thus 
' avoiding the necessity, so frequently met with in the low 

gesBure pneumatic system, of sending a man out to throw 
e switch bv hand or of forcing the indication. 
The electnc is the only power system that can be satisfac- 
torily employed for the operation of plants having a. Bmail 
numoer ot switches and signals. It is in service where as fen 
as six working levers are employed and is perfectly adapted \ 
for use at all junctions, crossings, drawbridges, tunnels, star ■ 
tions, yards, passing sidings, etc., where the distance between 
extreme switches or signals is greater than can be aately 
covered with a mechanical plant, even though there be onJys 
very few signals and switches to be operated. For example, i 
consider the two following diagrams, the first one showDj; 
arrangement of nassing sidings on a single track and the otbo' 
, on a double tracK line: [i 




STATIONS 



(.GRSOI3) 



On a few of the best signaled American railways the switches 
and signals immediately adjacent to the station A or B, would 
be worked by a mechanical interlocking plant, but owing to 
the great cost of operating an additional mechanical interlock- 
ing plant at each of the extreme switches and the prohibitive 



inlet switches are left to be worked by the trainmen, i 

tating the stopping of their trains; and if, as som 

happens, such stoppage occurs on a bad grade, heavy trains 
may break in two in starting up. Every practical railwBJ 
man will at once recognuA U^e tctfnvendous advantase that 
would be gained if these extreme swto'twa, U>{^uec -^i^^tjhiar 
proper signaJa, could be aaleiy aiii eaotiaitiva 
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the statioii, thereby enablmff tndns to pass onto and out of 
pAssing sidings at speed and in absolute safety. With the 
Taylor (6. R. S.) electric system this can be effected at a rela- 
tiv^y small cost, and, in conjimction with a system of auto- 
matic, electric, track circuit block signals in use on the open 
road, where there are no switches, this forms the ideal lock 
and block system and one, which we believe is destined to 
replace all others both in this country and in Europe. 

In the electric system, the cost of producing power for the 
operation of switches and signals rarely or never exceeds 
1 per cent, of the cost in any other power system doing an 
equal amount of work. For example, if in a system using 
compressed air, the cost of coal and services of men employed 
in running power plant is 400 dollars per month, the total cost 
<^ producmg power for an electric plant doing precisely the 
same work will rarely or never exceed four dolku^ monthly. 

In this connection it will be interesting to note that at the 
South Endiewood Tavlor (G. R. S.) intenocking plant on the 
C. R. I. & r. R. R., where the average daily mmibo' of switches 
moved and sij:nals cleared is 2,250, the consumption of gaso- 
line for runnmg ^igine for charging storage batteries, was 
sixty-eight g^ons in eighty-six days, or one gallon for 2,845 
switch and sienal operations. At Sixteenth and Clark streets, 
Chicago, Taylor (G. R. S.) interlocking plant at the crossing 
of the St. Charles Air line with the C. R. I. & P. and L. S. & 
M. S. R'ys, where the movement exceeds 600 trains daily, the 
consumption of gasoline during 153 days was 222 gsdlons for 
642,600 switch and signal movements or 2,894 i>er gallon or 
about 826 movements for one cent for power. 

The cost of maintenance and renewals in an electric plant 
is only a small percentage of the cost in any other pow@r plant. 
This can be readily imderstood from the fact that more feet of 
electrical conductors are employed in the dectro-pneumatic 
system than are used in the Taylor (G. R. S.) system and there 
are all the pneumatic pipes; and, in the low pressure pneu- 
matic syston, more feet of iron pipe are used than feet of elec- 
tric conductors in the Taylor (G. R. S.) system, and any one 
havins experience with the rapid deterioration of iron pipes 
placed in the soils found about railways and subject to elec- 
trolysis, will have no difficulty in understanding how much 
shorter lived these underground pipes will be than well insulated 
copi>er wires placed in a suitable conduit above groimd. Nor 
is it hard to understand how much more difficult and costly it 
will be to make repairs to such pipe placed several feet underr 
{p:tmnd than it will be to repair a break or leak in a wire placed 
in a suitable conduit above ground. 

In this connection, it is interesting to note that the B. & O. 
S. W. R. R., which was the first to install the Taylor (G. R. S.) 
system, has found it for cheapo* to maintain tbaiv ^.tl cst^koaaa:^ 
mechanical plant, and this is particalaTVy \TMe ^Ykssc^^^Ocscposgi^ 
change in grade or alignment o! tracks, «a:j OcaWL^a «t^ 
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required in the interlocking plant, auch changes being many i 
timea more costly in any otiier system than in the TayM 
(G. R. S.) electric. Moreover, with the improved devices and 
methods of installation now used in this system, a far bettet 1 
showing will be made. ( 

The operation of the electric system is absolutely unaffected ^ 
by change in temperature, whcreaa pneumatic systems some- 
times experience serious difficuities owing to condensation 
and freeaing of moisture contained in the compressed air, bj^ 
which the mechanism becomes clogged and its working pre- ' 

Even where the working is not absolutely prevented under r, 
these conditions, it frequently becomes necessary to raise the 
pressure so high in order to compensate for losses in pressure i 
at distant switches, that there is danger of ttuTowing nw 
, switches under train, in case leverman makes an impropa I 
' movement at such a time, as it is certain that as generally 
faistalled, detector bar connections are not sufficient^ strong I 
to resist any considerable increase above the normal worldng ( 
pressure in a pneumatic plant. It is therefore doubtfnl I 
whether, during extreme cold weather, it is ever safe to attempt 
to work from one pneumatic machine, switches and signal, 
located so far from the tower as to require any increase over j 
normal working pressure. Unquestionably, the ^er practice, J 
at such times, is to temporarily abandon the working of such 1 
switches and signals, as is often done, though this, of course, 
causes much troublesome delay and expense. 

In the electric system no auch condition exists, as the 
"electric pressure" is exactly the same on the switch or aignil 
motor located at a distance of 5,000 feet as on one located 
500 feet from the tower; moreover, the system is so arranged 
that the throwing of a switch lever while train is over the 
switch would cause the blowing of a fuse on the machine, 
thereby opening the circuit. f 

In the foregoing statement no effort has been made to de- 1 
scribe in detail the appliances and circuits employed in the 
Taylor (G. R. S.) electric system of interlocking; our object ! 
has been sijlely to point out the need of sigooi equipment o" 
American railways and to state, without prejudice, the prin- ' 
cipal merits and defects of the several interlocking mfstems at 
present employed, in order to aid such railway officials as have 
not had opportunity to acquaint themselves with the facia ' 
above set forth to make an intelligent comparison between { 
such systems. j 

The Taylor (G. R. S.) electric system is in the fullest accwd ' 
with modem engineering practice which has shown, after yean 
of experiment, that transmission of power to a distance can 
be more satisfactorily accomplished by means of electricity 
than by any other agency and. while there is no reason ti 
doubt that this system w\U te m\9Tavei "m ^.\ife titjuro as in 
the past, we feel warranted la donmti?, ^.t ■Ciw, \,T«t£t*, •*» 
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that it represents the very highest development of the art of 
signaling, embodying features of safety, economy and gjeneral 
applicability not possessed by any other system in use in this 
country or abroad. 

Taylor Signal CJompany. 
(General Railway Signal Company.) 



INFORMATION TO BE FURNISHED BY THE 

RAILWAY COMPANY WHEN REQUESTING AN 

ESTIMATE ON ELECTRIC INTERLOCKING 

In ordei^^to prepare promptly an accurate estimate on a pro- 
posed installation of electric interlocking, it is necessary that 
definite information on certain items be nimished by the Rail- 
way Company with the request for a proposal. This informa- 
tion can best be covered by a specification together with 
certain plans. 

It is not necessary for each individual railroad to prepare a 
specification form as the Railway Signal Association adopted, 
in 1910, a very complete specification covering this practice. 
The roecification has been prepared by a committee of men, 
actively eneaced in railway signal work, and its use is heartily 
recommenoeo. It can be secured by reference to the Manual 
of the Railway Signal Association issued in 1912. It has, of 
course, been necessary in drawing up this specification to 
leave optional a number of items, definite information on 
which should be ^ven with each request for an estimate. 
Attention is especially directed to certain points essential 
to the preparation of estimates, covered by sections of the 
specification as follows: 

3. "Drawings." 

A track plan should be furnished giving very completely the 
Information under sub-paragraph 1. The symbols which have 
been adopted bv the Railway Sienal Association as shown on 
pages 348 to 359 of this Handbook should be used. The infor- 
mation called for in sub-paragraphs 2, 3 and 4 should be given 
if possible, although this is not absolutely necessary. 

7. "Materials to he furnished and work to he done hy and at 

the expense of the Purchaser." 
Consideration should be given to the items listed in this 
paragraph and note made of any deviation therefrom. 

18. "Transportation." 

A definite statement should be made as to whether transr 
portation is to be furnished for men, too\a aTi^TCA.\ftfs3i^& ^x \5st 
eitha; 



so. " Building lovndatians." 
61. "InieThcking station." 
52. "Powerhouse." 

It flhould be clearly stated whether the contractor is lo 
' vect the buildings and their foundatioas, the dimensions and 
qieciftcationa being given if such ia the case. 

54. " Lioktirui f(tr buiidiftsa." 

When electnc lighting for ( . 

paragraphs a, b, c and a should be filled out. 

60. "Plant." (Povxr Plant.) 

61, "Engine." 
70. "Motor." 

8.'). "Storage battery." 

Definite information must be given as to the power supply. 
The ampere hour capacity and number of cells of the batter; 
should be specified as well as the capacity of any cha^jli^ 
apparatus desired. Data on pages 154 to 159 o( this Hand^k 
will be of assistance in determining the proper capacities for 
the battery and charging apparatus. 

100. "Machine." {Interheking Machine.} 

While a properly prepared track pilan will determine the 
■Ise and arrangement of levers in the interlocking machine, it 
will be necessary to specify any spare spaces or spare levers 
required in the event of this information not being shown o 
the plan. 

502, "Track circuits." 

The number and arrangement of track circuits to be installed 
should be shown on the plans or covered In the specification. 

506. " Electric lighting circaiis." 

The information called for in this section should be given, 
attention beinf called to pages 127 to 130 in this Handbook. 

510. "SpecvU circuits." 

Typical plans of special circuits may b« furnished under 
this section or the circuit requirements stated, in which evoit 
the contractor will submit typical proposed circuits with the 
estimate. Pages 133 to 139 of this Handbook are devoted to 
Electric Locking circuits, the data being based on the R. S. A. 
classification of the diSerent types of circuits. 

521. "Size." (Wire aiid Wiring.) 
The data as to size of wires under paragraph " f " should be 
given when track circuits are to be installed. 
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ECTRIC INTERLOCKING LEVERS INSTALLED 
AND UNDER CONTRACT 



January 1, 1913 



Name of Road 



nson, Topeka & Santa F^ RV, 

ta, Birmineham & Atlantic R'y» 

ta Terminai Station, 

nore & Ohio, 

ugham Terminal Station, . . . . . 

lo Creek R.R., 

lian Pacific R*y, 

al of Georsia R'y» 

al R^ R. of New Jersey, 

anooga Union Station Co.,. ....... 

.peake & Ohio R'y, 

go & Alton R. R., 

go & Eastern Illinois R. R., ...... . 

go & Milwaukee Electric, ........ 

go & Northwestern R*y, 

go & Western Indiana R. R., 

go, BurUi^lton & Quincy R. R., 

go Great Western R. R., 

go, Indianapolis & Louisville R'y (Monon), 
go, Milwaukee & St. Paul R'y, ...... 

go. Rock Island & Pacific R'V 

go, St. Paul, Minne^olis & Omaha R'y, . 
mati, New Orleans & Texas Pacific R'y, . . 
land, Cincinnati, Chicago & St. Louis K'y» • 

sr Range R. R., 

>erland Valley R. R., 

irare & Hudson Co., 

rtment of Public Works, British Columbia, 

lit & Toledo Construction Co., 

lit River Tunnel Co., 

, Joliet & Eastern R'y, 

R. R., . . . . 

iston, Harrisburg & San Antonio R'y, . . . 

i Trunk RV, 

Northern K*y, 

Colorado & Santa F6 R'y, 

ton & Texas Central R. R 



Nvmber 
of Flaata 

. 40 

1 

2 
. 19 



ton Belt & Termmal R'y, 

on & Manhattan R. R., . . . . 

is Central R. R., 

SU3 City Termimd R*y, 

icl^ & Indiana Terminal R. R., 
Shore & Michigan Southern R'y, 

h Valley R.R., 

Island K. R., 

vilJe & Naabville R, R., , . . . 



35 



5 

1 
10 

5 

5 

6 
13 

1 

3 

2 

1 

1 

4 

2 
11 

1 

2 

6 

1 

8 

3 
10 
20 

1 

1 
28 

9 

^ 



Total 
Leven 

1348 

48 

184 

880 

144 

84 

40 

52 

28 

120 

212 

108 

136 

32 

2100 

24 

464 

128 

28 

416 

494 

80 

208 

556 

40 

24 

64 

28 

32 

264 

72 

614 

40 

60 

200 

48 

248 

140 

128 

824 

56 

56 

1778 

384 

^% 



i 
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Louisiana R'y & Navigation Co 

Mictiigan Central R. R., 

Missouri Pacific R'y 

Morgan's Louisiana & Texas R. R. & S. S. Co., . 

Naahville, ChattanooHi & St. Louis R'y 

New York Central & Hudson River R. R 

New York, New Haven & Hartford R. R., . . . 

Norfolk & Western R'y, 

Northern Pacific R'y 

Northwestern Elevated R. R 

Oregon Short Line, 

Oreeon. Washington R. R.& Navigation Co., . . 

Pacific Electric R'y, 

Pecos & North Texas Ry., 

Pennsylvania Lines West of Pittsbui^h 

Pennsylvania R. R., 

Peoria & Pekin Union R'y, 

Pere Marquette R. R., 

Pittsburgh & Lake Erie R. R 

Railway Signal Co.,of Canada (Grand Trunk R'y), 

San Francisco-Oakland Terminal R'y, 

Savannah Union Station, 

Southern Indiana R'y, 

Southern Pacific Co., 

Southern Railway, 

Spokane & Inland Empire R. R 

Terminal R. R, Asan. of St. Louis 

Texas & Pacific R'y, 

Tidewater & Western R. R., 

Toledo & Ohio Central R. R., 

Toledo R'y & Light Co., 

Toledo RV & Taminal Co., 

Toronto, Hamilton & Buffalo R'y, 

Union Pacific R. R 

Washington, Baltimore & Annapolis Electric R'y, 

Western Pacific R'y, 

Wiaconmn Central R. B. 

Grand Total 



Sp( 
Tei 



INDEX 



Il 



INDEX 



Altematliic 

A 

Alternating current applianoee, 107- 

124. 
Alternating current relays (see 

relasrs). 
Angles, measures of, 388. 
Ai>paratus (see under name of mate- 
rial). 
Appendix: 
loformatioii for estimating, 413, 

414. 
Interiocldng plants installed, list 

of, 415, 416. 
Reprint of Preface from Taylor 

(0. R. S.) Catalogue No. 1, 

406-413. 
Approach locking, 136, 138 (see also 

electric locking). 
A. R. A rail sections, 376. 
Arcs, measures of, 388. 
Arrester, lightning, 371. 
A. S. C. E. rail sections, 376. 
Avoirdupois weii^t, 388. 



Ballast, definition of grades of, 273. 
Batteries: 

Primary, caustae soda cell: 

Action of, 286, 287. 

Care of, 287. 

Description of, 286. 

Illustration of, 286. 

R S. A. cell, 286. 

R. S. A. specifications for, 287, 
288. 

Symbols for, 361, 359. 

Uses of, 285. 
Primary, dry cell: 

Care of, 294. 

Description of, 294. 

Symbols for, 361, 369. 

Uses of, 293. 
Primary, gravity cell: 

Action of. 289. 

Care of, 293. 

Chutes for, 292, 293. 

Cojipen for, R. S. A., 291. 

Description of, 289. 

Symbols for, 361, 369. 

Uses of, 288. 

Zinc for, R. S. A., 290. 
Secondaiy, lead tiype storage: 

Broken JaiB, 163, 



Bmtteites 

Batteries :' — (Con.) 
Secondary, lead type storage: 
Capacity required for electric 

lil^ting, 166, 166. 
Capacity required for function 

operation, 164, 166. 
Capacity required for 0. R. S. 

plants, 164-168. 
Capacity required for Q. R. S. 

plants, table, 168. 
Capacity required for indica- 
tors, locks, etc., 156. 
CSapacity required for operating 

switchboard, 166. 
Ci4>acity, reserve, 166, 167. 
Cell cover for, 146. 
Cells, niunber required for Inter- 
locking plants, 38. 
Charging apparatus for, 39, 40, 

16»-166. 
Charging circuit for, 163. 
(Charging instxuotions for, 161, 

162. 
Charging switch for, 160. 
Charging rate of, 146, 169. 
Cupboards for, 38, 168. 
Description of, 146. 
Dimensions of R. S. A. cell, 

146. 
Discharging, instructions for, 

162. 
Electrolyte for, 146, 148, 149. 
Formula for determining ase of, 

167, 168. 
Function constants, table of, 

156. 
Housing of, 37, 38. 
niustrations of, 37, 38, 146, 

146, 158. 
Important points in care of, 

153, 164. 
Indications of trouble in, 153. 
Initial charge of, 150. 
Inspection of, 153. 
Installation, R. S. A. directions 

for. 148-161. 
Jar for, 146. 

lATge capacity cells for, 151. 
Location at interlocking plants, 

37. 
Low voltage, uses of, 39. 
Operation, R. S. A. instruetiona 

tot, \li\-V5A. 
PV\d\.c«S!LIot,\KV. 
BAicikaioT^^lA^- 



1 

{ 
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Batteries 


Clmilts 




B«t,riea; — (Con.) 


c 




Beoondary, load typo sUiraat; 






R«diDK. of, 133. 






Reaen-B capiKilr rsquind, IG6. 


lOS (ae« also batterr. ■to^ 
aae). 




R. S. A. diKNtiona for loalall^ 


Cauatic aoda cell. 285-288 (•« aln 




tion. 14S~1fil. 


battery, primary }. 










tioB Of, 161-lM. 


with Fahreoheit. 392. 




n. S. A, apwificalionj (or. 147, 


OuLniiBl piaa and bood wires, quan- 






tities required. 378. 




Sand tray For, 148. 






Bpwificalions for. R. S. A., 147, 


drivinK units, etc.: 
Capacity required. ISB- 




. Symbola for. 35B. 


Circuita for, 163. 




Tmuhle, ludiotioiu of. 163. 


Description of, 3Q. 40. 




Twoplaterellaror. 150. 161. 








Efficiency of. ISO, 




39. 


Floor apace, required (or. 1S9, 




Voltage of, as. 89. 






Weights of calls for. 146- 


Input. 159. 




Battery chnriiing apparatus (lee 






charging apparatus). 






Balleryrhutia: 


InatallalioD data for, 150-ISI- 






Switcbboarda for. 40-48. 




Symbob for. Ui. 


Symbols iai. 3fi9. 




Weigbte of. 363. 


Weighta of. 367. 




Battery chirglnK ,«itch, IflO, 161. 


Charging switch, battery, 16D, 161, 


Bauma'a hydroniffter, compared 






Check locking. 140. 141. 


Bearing, [or high or dwarf aieosl, 79. 


Chutes, battery (ms battery cbutes). 




Circuits: 


Blsiiea for upper qusdrant siiDsla, 


Appmnch, indicatioQ and sec- 


2«, 


tian locking in combiDHtiaQ, 








Approach locking. 138- 




Alteroaliog current track, double 




rail, 273. 


Bqnda. impedanre [see impBdanc* 


Allernating current track, ainsle 


bonds]. 


rail, 114-119. 




Battery charginB Bwitch. 181- 


titiea required. 378. 






Check lockine. 140. 141. 


Junction (see junctioo bo.ea). 


Cro99 protection. 8S. SS. 


Measuring eoncrote, 323. 


IJnuble rail A. C. track. 273, 


Relay (see relay boxes). 


Electric locking: 


Switch (W8 switch circuit doji- 


Approach, indication and sec- 


trDllers). 


tioQ locking in combination. 


Bracket maata, 243. 


13S. 


Bracket posts (see paaU). 


Approach locking. 138. 


Bridge circuit closers ; 


y ■aiiu.\E\<itt\ne, 135. 


Det-criptioa of. 233. 234, 


\ Set'i.««l\ai;Vvin.\)A, 




\ ?,1wVl, \v.«\m.'C«i^ Mii wt-Sw. 


Operation of, 233. 234. 




B, 


idSB masts, 243. 


\ \a1«i\ao"»i>t™*^'™»-**- 
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€?lrciilt8 

/ircuits: — (Con,) 
Motor connections: 

Model 2 switch machine, 201. 
Model 4 switch machine, 209. 
Operating: 

Model 2 and 8 dwarf sisnab, 83, 

84. 
Model 2A hifl^ signal, 22-24. 
Model 2 and 4 switch machines, 

19-22. 
Switchboards, 40-46. 
Pole changer: 

Model 2 switch machine, 203. 
Model 4 switch machine, 210. 
Route locking, 135. 
Section locking, 134. 
Signal: 

Description of, 22-24. 

Model 2 or 3 solenoid dwarf, 

84. 
Model 2 solenoid dwarf, one 

arm, tsrpical, 260. 
Model 2 solmoid dwarf, two 

arm, typical, 261. 
Model 3 solenoid dwarf, typi- 
cal, 262. 
Mod^ 2A, two position, non- 
automatic, simplified, 23. 
Model 2A, two position, non- 
automatic, tsrpical, 71, 2M, 
255. 
Model 2A, two position, semi- 
automatic, ^n>ioali 73, 256- 
259. 
Single rail A. C. track, 114- 

119. 
Stick, indication and section 
locking in combination, 139. 
Stick locking, 137. 
Switchboard: 

Description of, 40-46. 
Combination power and opera- 
ting, 180. 
Operating, 181. 
Operating, simplified diagram 

for, 45. 
Power, 176-178. 
Power, simplified diagnun for, 
43. 
Switch machine: 

Description of, 19-22. 
Double switch lever, 228. 
Model 2 or Model 4, 61. 
Model 2 or Model 4, simplified, 

20. 
3iocleI 2, typical^ 226. 
Mode! 4, typical, 227. 



Concrete 

Circuits : — (Con.) 
Switch machine: 
Motor connections. Model 2, 

201. 
Motor c(Mmections, Model 4, 

209. 
Pole changer. Model 2, 203. 
Pole changer. Model 4, 210. 
Symbols for, 354-^59. 
Testing, for pick-up and drop- 
away of D. C. line relay, 276. 
Testing, for pick-up and drop- 
away of D. C. track relay, 
276. 
Testing, for resistance of grounds, 

372. 
Testing, for resistance of relay 

contacts, 276. 
Track: 

Alternating current, double 

rail, 273. 
Alternating current, single rail, 
114—119. 
Written, 331^9. 
Circuit closers, bridge, 233, 234. 
Circuit controllers: 

Nomenclature for, 334-336. 
Switch (see switch circuit con- 
trollers). 
Symbols for, R. S. A., 356-358. 
Circular measure, 388. 
Clearance diagrams: 
Model 2A dwarf signal and third 

rail, 244. 
Model 2 and Model 4 switch ma- 
chines, 214. 
Model 4 switch machine and tiiird 
raU, 215. 
Clips, rail. 229. 
Closers, bridge circuit, 233. 
Common return or main common 
wire, 19, 22, 60, 70, 83, 93, 
309. 
Concrete, Portland Cemmt: 
Box for measuring, 323. 
Cautions in use of, 322, 323. 
Consistency of, 321. 
Foundations (see foundations). 
Mixmg by hand, 322. 
Mixing by machine, 322. 
Proportions of material for, 321. 
Specifications, R. S. A. for: 
Cement, 325. 
ConsLstencVi ^'2>^- 



Water, 32 S, 
Waterproofing, 3 
Storini of, 321. 

CoDtrollen, otrcuit {i 

Crollen). 

' Coatrol wire for aifii 

30S. 

Oonlrol wire lor aw 



Ad. 
(Sreuit 



-antngea of, 28. 



OperatJoQ of drcuit breaker 

SI, 92. 
PalariiBd rdayB (or. B2, 93. 



ioDHliEing of plantA f 
B for, B4. 90. 



JfotioD plates for, 229. 
Rail clips for, 220. 
Trnghia oS iayo\iU tor, 3B5, 



IlLuniiiu>l«d tnck. JOG, lOS. 
Tracli. 102. 103. 
Distasaes, shipping, between cj 



Doschait. &6. 

Dry oell, 2fl3, 394 (■» bIso battel?. 

Dry measure, 388. 

Dwarf sutnalB lane nitn»li lUMhan- 

Dyaamlc mdicallon: 
Advaotagei of, IB. 24. 
Cireuil* for, 20. 23, 81. 71, 73. 
DMGription of. IS. 21, 34. 60. 71, 



locking), 
lie laterlotk 



trio interlocking Hystom, 15-28, 

from Catalogue No, 1 , Taylor 
Signal Co.), 405-413. 
trio lighting, 127-130 (see also 
Ughtine). 



i, 133-130. 
of, 133. 
:king, 137, 13S. 



Slectric lime releaae, 134. 
Bloctrolyto for stoiage batteriH: 
S^&BBitlC URVVVJ of, 148. 
■Wei^\.<A.VW.. 



INDEX 



423 



Engines, gasoline: 
Belting for, 373, 374. 
Cooling tank, connections for, 

170, 171, 176. 
Cooling tank, location of, 171. 
Description of, 170-172. 
Dimouions of, 169. 
Foundations for, 169. 
Gasoline tank for, 171, 174, 175. 
Horse power of, 159, 169, 174. 
Illustrations of, 170. 
Installation data for, 169, 171, 

174. 
Location of, 171. 
Specifications, R. S. A., for, 174, 

175. 
Speed of, 169. 174. 
Starting, 171, 172. 
Stopping, 172. 

Tanks for, 170, 171, 174, 176. 
Troubles, 172-174. 

Cannot crank, 173. 

Caiburetion, 172. 

Ignition, 172. 

Loss of compression, 172, 173. 

Loss of power, 173, 174. 

Mechanical difficulties, 173. 
Water connections for, 170. 
Estimates, information to be fur- 
nished by R. R., 413, 414. 



Fahrmheit temperatures compared 

with Centigrade, 393. 
first interlocking installation in 

U. S. A., 5. 
Fluxes for soldering and welding, 299. 
Foimdations: 

Bracket post, 251. 

Concrete for (see concrete) . 

Gasoline engine, 169. 

Ground signal mast, 262. 

Model 2 one arm dwarf signal, 253. 

Model 2 two arm dwarf signal, 
253. 

Model 2A dwarf signal, 253. 

Model 3 dwarf signal, 253. 

G 

Gasoline engines, 169-175 (see also 

engines). 
Gasoline tanks (see tuiks). 
Gears: 

Clearance of. Model 2A signal, 78. 

Formula for, 372. 

Speed of, 872, 
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Indicatliiif 

Generators, direct current: 

Capacity of, 159, 169. 

Charging circuits for, 163. 

Description of, 39, 162. 

Dimensions of, 169. 

Engines for driving, 159, 169. 

Failure to build up, 166. 

Fitting brushes to, 165. 

Foundation for, 169. 

General instructions for, 164, 
165. 

Illustrations of, 39. 

Installation of, 162-169. 

Maintenance of, 163-166. 

Operation of, 162-164. 

Setting up, 162, 169. 

Shutting down, 164. 

Speed of, 169. 

Specifications, R. S. A. for, 166, 
167. 

Starting, 162. 163. 

Symbols for, 359. 

Uses of, 39. 

Voltage of, 162. 

Weights of, 363. 
Gravity cell, 28&-293 (see also bat- 
tery, primary). 
Grounds, circuit for testing, 372. 



Hanger irons for transformers, 279. 
High Signals (see also signal medi- 
anisms): 
Illustrations of, 17, 22, 25, 81. 
Masts for, 243. 
Spacing of arms for, 243. 
Symbols for, 348, 349. 
Weights of, 366, 366. 
Horse power of gasoline engines, 

159, 169, 174. 
Hydrometer, Baume's, compared 

with specific gravities, 384. 
Hydro-pneumatic interlocking, 5. 



Illuminated track diagrams, 105, 

106. 
Impedance bonds: 

Description of, 120, 121. 

Dimensions of, 120, 121. 

Layouts for, 120, 121. 

Symb<^ for, 350. 

Weights of, 367. 



Energy dnia for. 



DsBcriptiDti of, 111, 113. 
Dimeoaioiu of, 270. 
Eaarer diX» far. 271. 
Bymbota tor. SM. 3S6. 
WeighU of. SOa. 397, 

Batioiy cBpiLclly rHjnired ; 
^ isa, 157. 

Desciiplioa of. 103-lOS. 
DimeosoD* of, 303. 
Eowsy data (or, 2«t5, 260. 
Itluatniiotis at, 103-lUS. 
RwetiULCe of. 2e&, 369 
SymbolB ioc, 354, 3!i5. 
- Vast of, 103-lOfi. 
Wnidif of, 3«6. 
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Cabinela, Is 
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Interlocking 

Interloeking machine, electric: — 

iCon.) 
IxuBtallstion data for, 185-195. 
Lamp cases and number plates 

for, 57. 
Le0B, number required and spao* 

ins, 100, 191. 
Length of, 190. 191. 
Lever, description of, 56, 57. 
Lever, illustration of, 51, 56. 
Lever lock for, 58, 195. 
Lever, operation of, 49-53. 
Locking for, 53-56. 
Locking plates and locking, 53, 

56. 
Maintenance of, 188, 189. 
Mechanical time release for, 58, 

59. 
Notching, for lever locks, 192-194. 
Number of legs required for, 190, 

191. 
Number plates for, 57 
Operation of signal lever, 50, 53. 
Operation of switch lever, 49, 50. 
Polarized relay for, 57, 58, 92, 93. 
Resistance of indication magnets 

for, 194. 
Safeguards of, 47-49. 
Safety features of, 47-49. 
Shipment of, 185. 
Spacing of legs for, 190, 191. 
Storing of, 185. 
Terminal boards for, 57. 
Testing of, 94, 96, 188, 194. 
Time release for, 58, 59. 
Unit lever type, description of, 

53-58. 
Uses of, 18, 19. 
Weights of, 363, 364. 
Wiring of, typical, 88. 
Interlocking stations: 

Arrangement of apparatus in, 33. 
Construction data, 85. 
Description of, 31-36. 
Diagrams of, 32, 34, 36. 

Illustrations of, 31, 33, 35. 
Installations, list of, 415, 416. 
Sizes of, 31. 33. 
Symbols for, 352. 



Joints in wire, 298-304. 
Junction boxes: 

Illustrations of, 316. 

Nails required for, 817. 

Symbols for, 861. 

Wa^tB of, 367. 
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Tiocking 

li 

Lamps, incandescent (see also 
lighting). 
Ampere hours per signal, 155, 156. 
Arrangement for signal lifting, 

128. 
Power required for, 127. 
Ssrmbols for, 359. 
TVpes used in signal lighting, 127. 
Layouts : 
Detector bar, weights of, 365. 
Impedance bond, 120, 121. 
Switch, 218-225 (see also switch 
layouts) . 
Lead type storage batteries (see 

batteries, secondary). 
Levers: 
Cross connection wiring for 
double switch, 228. 

Double switch, wiring of, 228. 
Installed, list of, 415, 416. 
Notches for lever locks, 192-194. 
Signal: 

Description of, 50, 53, 56, 57. 
Operation of, 50, 53. 
Switch: 
Cross connection wiring for 

double, 228. 
Description of, 49, 50, 56, 57. 
Illustrations of, 51, 56. 
Operation of, 49, 50. 
Wiring of double lever, 228. 
Lever locks (see locks). 
Lighting, electric signal: 
Ampere hours required for, 155, 

156. 
Bulbs for, 127, 128. 
Capacity of battery for, 155, 156. 
Economy effected, 127. 
Formula for, 156, 157. 
Lamps, incandescent, 127, 128. 
Power required for, 127, 155, 

156. 
Precautions, 129. 
Recommendations for, 130. 
Reserve power for, 128, 129. 
Source of power for, 128, 129. 
When economical to use, 127. 
Lighting panels (see panels). 
Lightning arrester, 371. 
Limitation of mechanical inter- 
locking, 5. 
Linear measure, 388. 
Liquids: 
MeasMXQ oi , ^^ . 
SpecV&c iEC«.vvt."^ oV»^Kb 



ifl electrio luck- 
L locking, £3- 



,g than, M. 



194. 



AppliDotbn to lever, ISS-IM. 

Cuttins of notehes lur. 102-19 

Dcfloriptiou of, 5B, 

Dimenaiona of, 19&, 

Enarsr dais for. IBS. 

UluBtrstian of. IB&. 
. InsisUitiiui dat* for. 192-I9S. 

Notching of lev en lor, 192- '~' 
> SpedfioittionB for. 192-194. 

Symbols for, 3M. 

Test for cLmruirs o(. 193, 194. 



iDterlooklne {see interlocking mi 

6igD»1 (see eicDal mechiuiiAmJ . 

Bwiloh (see (Witch msohaninn), 

IfKgaMa, ladicstlon (see iDdlcatio 
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laurn ayHtatn, 391). 391. 
Bign&l (see flignnl merb 



Model 2 switch machine <sm 

mechiuiienu) . 
Model 4 switch machine (vn: 

mnhiaiamii). 
Motion plalee, Z2fl. 
MoIoib: 
Speed of. 188. 
Starling panels for, ISI. 






^ 



lUuattBtion of, 4 



ationa for, 251,252. 
d. diiuenBiona nf, 243. 
I and weights: 



0, 391. 



M^oi 



a of, 300, am. 

rete. 323. 



ethamoal u 

Signal [seaaisnal mnchaniiira). 

Sfereuiy arc reotifiera; 
-Tnpui for. 158. 
Voltage requirementa of, 159. 



Failure to build up, 166. 
Fittioa brushes to, lOS. 
Floor space required for. 



lUustrati 



1 data for. 182-168, 



Speed of, leS. 
Starting of. 1B2. 163. 
Symbols for. 330. 
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NaU8 
N 

at required for junction 

:)xes, 317. 

Qt required for trunking, 

17. 

>f. 382. 

its of, 382. 

plates, interlocking ma- 
tunes, 57. 



iagrams: 

f bearing. Model 2A edgnal, 

40. 

uiism. Model 2A signal. 238. 

ig data (see under name of 

.pparatus). 

Qg mechanisms (see under 

Lame of mechanism) . 

Dg switdtiboards (see switch- 

)oard). 



int required for trunking, 

$74. 

ication of, 374. 

^cations, R. S. A. for, 874. 

ting: 

mennons of, 182. 
ritches for, 182. 
eii^ts of, 363. 
>r-starting, 181. 
iell, 151 (see batteries, sec- 
ondary), 
mrought iron, dimenmons of, 

381. 

for gasoline engine: 

ing tank, 170, 175. 

)linetank, 171, 175. 

ning water, 170. 

^rack, 54. 

, power, G. R. S. (see power 

plants). 

, motion, 229. 

Bed relays: 

Bription of, 67, 58, 92, 93. 

ctions of, 25, 92. 

gtrations of, 58, 92, 186, 189. 

hanger: 

lei 2 switch machine: 

djustment of, 202-205. 

onnections for, 202, 203 



B. 8. A. Spedfleatloiia 

Pole changer: — (Con.) 
Model 2 switch machine: 
Illustration of, 64. 
Installation data for, 202-205. 
Maintenance of, 206. 
Movement for, 202. 
Operation of, 63, 64. 
Testing of, 204, 205. 
Wiring for, 203. 
Model 4 switch machine: 
Description of, 68. 
Illustration of, 68. 
Maintenance of, 211. 
Operation of, 68. 
Wiring for, 210. 
Polyphase relays (see reia3rs A. C). 
Posts, bracket: 

Foimdation for, 251. 
Masts for, 248. 
Weii^ts of, 365. 
Power interiocking (see interlock- 
ing). 
Power plants: 
Batteries for. 38. 39 (see also bat- 

tenm). 
Ghaxging apparatus for, 39. 40 
(see also charging apparatus) . 
Composition of, 87. 
Description of, 87-40. 
Illustrations of, 42. 43. 
Location of, 37. 

Switchboards for. 40-46 (see also 
switchboards). 
Power switchboards (see switch- 
boards). 
Primary batteries. 28&-294 (see 

also batteries, primary) . 
Protection, cross (see cross protec- 
tion). 
Pulleys, 872. 



Racks, batteiy, illustrations of, 87, 

145. 
Rail dips, E. Z. motion plate type, 

2i29. 
Rail sections, dimensions of, 875. 
R. S. A. spedfications for: 

Caustic soda primary cell, 287, 

288. 
Concrete, 325-328. 
Ck>pper for gravity cell, 291. 
Electric generator, 166, 167. 
Electric interiocking, extracts 
from: 
Painting, 374. 





Belars 




Relays;— (Con.) 




Boj.es for: 






TrUDkbg. junclicm boxes nod 


Weight* of. 367. ' 


.upparU, 3ia. 313. 




m™ and wiriug. 29T-2M. 


Direct Current; 


. Oataline oisinB. 174, 176. 


BoI« for. 375. 


I IiMd type •torus baltciv, 147- 




I IM. 


Eoetgy data for. 285, 287. 


■ PorUsncl eemmt ooDcrele. 326- 


Illustrations of, 100. 101. 


328. 


HosistancB of, 285, 287. 




Testing of. 27B. 




Weights of, 3oe, 


Bl«DBting prnctice. 3'13-347. 


Energy data for. 265-374. 


Symbols. 318^59. 


Indicating: 


VattHn nuKes. 282. 


DimcQsiona of. 270. 


Snc for gmviiy eeU, 20(1. 


Eoetgy data for, 271. 


R. S. A. Btondard apparatus; 


Weighls of, 366. 


Battery chutes, 282. 


Modell.D. C: 


Battery jar, eaod tray and cover. 






Energy data (or, 285. 


BtsdcwfoTUppslquadnultsigDBls, 


Resistance of. 265. 




Tmt for pick-up and di 






^Biidse eignal moaU. 243. 


Test for ^Wttanoo of coat. 




278. 


■'Ooppafs for gravity batWiy, 291. 


Weights of, 366. 


Founiialioii for bracket post, 2,^1. 


Models, Form A. Polyphase; 


FouodatioD for erouod Bignal 


Boxes for. 274. 




Descriptionof, 110, III. 


Ground Bgaal Tuasla, 243. 




Speotscle. Design -A," 2*8,250. 


Energy data for, 271-274. 


Spectacle, Disign "B." 248. 


lllostrfltion of, 110. 


Zinc for grnvily buttery, 260. 


Test for resistance of oonta 


R S. A, Bynibols: 






Weight* of, 386. 




Model 2, FonoB, A. C: 


CSrcuit planB, 354-369. 


BoxM for. 275, 


laatrumenta, 357-359. 


Description of. 111. 


Location, 350-353. 




Helays, indicators ajid locks, 351, 


Energy daU for, 271. 


355. 


IllusttatioQof, 112. 


Sienala, 348, 349. 


Test for resistsnOH of conts 


Switcbaa, deiiula. etc., 352, 353, 


276. 


Traek plans, 348-353. 


Weighla of, 3(W. 




Models, Form B, A. C: 


bonda). 


Boxes for, 275. 




Description of. 111.112. 






Boxes lor, 274, 27S. 


IlliiatrWion of. 112. 


DcBCtiptiun of, 109-113. 


Teat for resistanca of cont 






Energydatafor, 271,273, 274 


Weights of. 366. 




ModelP, D. C: 


SeJectfon of, lOS, 110. 


Boxes for, 275. 


Types of, 110-112. 




Weigbis of, 386. 


\ l^Kga i^XaV-n.-an, 
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Belays 

tellers: — {Con.) 
Model 9, D. C: 

IllustrationB of, 101. 
BesistAnoe of, 267. 
Test for pick-up and drop- 
away, 276. 
Test for reeistanoe of eontacts, 

276. 
Weights of, 366. 
Model Z, Form B. A. C: 
Boxes for, 275. 
Desoription of, 112. 
Dimensions of, 270. 
Energy data for, 271. 
Illustration of, 112. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Motor, Three Position, D. C: 
Boxes for, 275. 
Description of, 98, 100, 101. 
Dimensions of, 268. 
Energy data for, 267, 268. 
Illustration of, 100. 
Test for resistance of contacts, 

276. 
Weights of, 366. 
Polarized (see polarized relay) . 
Symbols for, 354, 855. 
Testing: 

Pick-up and drop-away of, 276. 
Resistance of contacts for, 276. 
Three Position D. C. Motor (see 
Relay, Motor) : 
lelay boxes: 
Dimensions of, 274, 275. 
Ssrmbols for, 351. 
Weights of, 367. 
lelease, time (see time release) . 
loute locking, 135, 136 (see also 
electric locking). 
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lafeguards: 
Gross protection ssrst^n, 24-26, 

93. 
Dsmamic indication, 24. 
G. R. S. system, 24^26. 
Interlocking machine, 47-49. 
Switch operating mechanisms, 

61-63. 
Tests for cross protection, 94, 96. 
lafety of G. R. S. electric interlock- 
ing: 
Comparison with mechanical, 8. 
CSroas protection, 89. 
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Signals 

Safety of G. R. S. electric interlock- 
ing: — (fion.) 
Dynamic indication, 24. 
Features important to, 15. 
Test o^. 94, 96. 
Sand: 
Concrete, 325. 
Measuring box for, 323. 
Quantities of, for concrete, 324. 
Specific gravities of, 386. 
Weights of, 386. 
Screw release (see time release). 
Secondary batteries (see batteries, 

secondary). 
Sectionalizing of G. R. S. plants, 93, 

94. 
Sectional route locking, 135, 136 

(see also electric lockinfiO • 
Section locking, 134, 135 (see also 

electric locking). 
Selector, indication, 58. 
Semaphore spectacles (see specta- 
cles). 
Shipping distances between cities of 
U. S. and Canada, maij^ of, 
868. 
Shipping weights, 363-367 (see also 

weifi^ts) . 
Signaling practice: 
American, trend of, 11. 
Definitions of, 343-347. 
Prindptos of signal indications, 

343. 
R. S. A. recommendations for, 
343. 
Signals: 
Automatic block: 
Basis of adopticm in America, 

9. 
Percentage of American Rail- 
ways signaled, 9. 
Type first used, 9. 
Blades for upper quadrant, 249. 
Bracket masts for, 243. 
Bridge masts for, 243. 
Control wire for, 22, 70, 83, 308. 
Dwarf (see signal mechanisms). 
Electric lighting for, 127-130. 
Foundatums for, 251-253. 
Ground masts for, 243. 
Illustrations of dwarf, 16, 74, 75, 

83,86. 
Illustrations of hic^, 17, 22, 25, 

81. 
Indicationa^ i^tui<c&g^»<^ ^\^'^^Sk. 
lntATVoc>Qn!& VjBWft ww^-aJL \£!««3b»5s.- 

ii). 
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WaghU of, 305, 366. 


Storing of, 237. 


SlgDBl l>lad». 249. 


Tuts far, 240. 
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Typicd circuit, for, TI. : 


li«htiDg). 


2SS. 




WeighM of. 3e«. 
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Cnntral wire fur, 2Z. TO. 83. 308. 






arcuiM for, 73, 2S6-259. 


d^ut^ie—ia). 


CUmp beetiai! for, 7». 


Dynmnio indioeti™ for (see dynii- 


Control of, 72-75. 


miDlDdiotiOD). 


Control wire for, 22. 83, 301 




DsKription of, 81, 82, 


iMt&llstion data: 






Dwarf bearing for, 79 




Dynunic indicstton advnjitB 


FoundBtioDB lor. 2&l-2a3. 


of, 24. 


P- Lubriration of. 238. 


G«an. cleBrsDBB of. 78. 


■ VuU for. 243. 




^Ilethod of upioE win. (o, 244. 


Indicntioa spring ottachm 


■ AorlDg of. 237. 


82. 




IiutsUation of. 237. 


T»ts of, 240. 


Length of control wire 



Oiling dTograms, 
SpectaclB adiuatc 
TeaU for. 240. 



Adjuatment of, 237. 241. 
Circuile for, 23, 71, 2M, 2Ge. 
Clunp bearing for, 7Q. 
Control of. 70-72. 



InulBllalJDD of, 237. 
Lonffdi of control win 
Lever operation for, I 
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SiBstolUU 

Sinsle x»il A. C. track dreuits, lli- 
119 (see also track oiimiit 
A.C.). 
Solmurfd dwKtt aicnahi: 
Model 2: 
Oicuits for, 84, 280, 281. 
Control of, 83, 84. 
Control wires for, 83, 306. 
Description of, 83-85. 
Dimensions of, 248, 247. 
Foundations for, 263. 
niustraticm of, 83. 
Length of control wires for, 

306. 
Names of parts for, 85. 
Operatins data for, 241. 
Opiating medianism for, 85. 
Sise of control wires for, 306. 
Weights of, 388. 
Models: 
CSreuits for, 84, 282. 
Ccmtrol of, 83, 84. 
Control wire for, 83, 306. 
Description of, 88, 87. 
Dimensions of, 247. 
Foundation for, 253. 
Illustration of, 88. 
Length of control wires for, 

308. 
Names of parts for, 87. 
Operating data for, 241. 
Operating mechanism for, 87. 
Sise of control wire for, 308. 
Weights of, 388. 
Soldering: 

Fluxes for, 299. 
Wire joints. 298, 303. 
Specific gravity of: 
Brick, etc., 388. 
Cmnrnt, etc., 388. 
Comparison with Baume's Hy- 
drometer, 384. 
Electrolyte, 148. 
liquids, 385. 
Metals, 387. 
Sand, etc., 388. 
Stone, etc., 388. 
Wood, 385. 
Specifications (see under name of 

material). 
Spectacles: 

Blades for, 249. 
damp bearing for, 79. 
Dimeosions of, 248. 
Dwarf bearings for, 79. 
Torque curves for, 260. 
Squmn meaBure, table of^ 388. 
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Switch 

Stakes: 
Specifications for, 312, 313. 
Weights of, 887. 
Stations, interlocking, 31-35 (see 

also interlocking station). 
Stick locking, 137 (see also electric 

locking). 
Stone: 
Concrete, sise for, 325. 
Measuring box for, 323. 
Quantities for concrete, 324. 
Sixes for concrete, 325. 
Specific gravity of, 388. 
Weights of, 388. 
Storage batteries (see batteries, 

secondary). 
Switches: 
Battery charging, description and 

circuits, 160, 181. 
Nomenclature of, 338. 
Panels for (see panels). 
Symbols for, 357, 358. 
Switchboards: 
Operating: 
Cross protection circuit breaker 

for, 90-92. 
Description of, 45, 48. 
Dimensions of, 181. 
Illustrations of, 43, 44. 
Lighting panels for, 182. 
Location of, 37. 
Polarised relay for, 92, 93. 
Simplified circuits for, 45. 
Weights of, 383. 
Wuing for, 181. 
Power: 

Description of, 40-45. 
Dimensions of, 178-180. 
Illustrations of, 41-43. 
Location of, 37. 
Lighting panels for, 182. 
Manipulation of, 178-180. 
Simplified circuits for, 43. 
Starting panels for, 181. 
Weights of, 363. 
Wirings for, 178-180. 
Switch boxes (see switch circuit con- 
trollers). 
Switch circuit controllers: 

Connections toswitch point for,232. 
Models, FormD: 
Dimensions of, 230. 
Illustrations of, 97. 
Weights of, 388. 
Model 4: 

TQ»iiten.\iotA o\« ^?^. 
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Swttch 


Switoh rirtuit controllen ; — {Cm.) 


Swltdi mitchiae:'' (Con.) 


ModtdS, FolmAi 


Model 2: 








lDn>ll*aoii data for, 199^IH. 


I>BNhpUOQ o(, 98. 




Diin««ioo.ql, 3X1, 


Lautth of ™nt™l win, for, SOB. 


Illimrslioni ol, BB. 80. 




, W«(hU of, 360. 


L«Ter. oprrstion of, 19, 50. 






IV WaghU of, 3fl6, 


Motor oonDMtions of, 201. 


Nuca of parU for, eS. 200. 


Uodri 2 switch mndhiat: 


Opera tine data for. 211. 


DouhlB Jip nnteh, 223. 




B*y« denit. 230. 


Opomtion of oontrollins lenr 


1 Movable point ftna, 324. 


for, lB-60, 




Fole ohanf er for, SI. 


aUp switch, 32S, 
L. Knalc *Up awilch. 222. 


Polo ohaugBT movement fot. 


202. 


Bincle iwitch. 21 S. 


Pole cbanser wirins for. 203. 


BUp »«Mli«i. 222, 223. 


Safeeiurda of, 01-63. 


Bplit point dmOl, 219. 


BimpMed tircuit for. 20. 


Weicbte of, 364. SeS. 


Siie of oonlrol wire for, 308. 


WhartoQ or Morden dcnul, 221. 


Sprins attachment for, 63. 




Btoriug of. ISa. 


b Double alip iwitoh, 223. 
r H>y« di^l, 220. 




(we awiteh dniuit oontnl- 


■" Movable pohitfiT*, 22*. 


lem). 


MoviblD point frog «ith doublo 


Tosting of. 201. 205. 


.Up Jiwitdi, 225. 


Tie framing for, 199. 


aiogle Blip switch. 222, 


Time of operation of. 22, !lt 


SiPSle >wiMh. 21S. 


Tools for mainteoHQCB of. 389. 



witches 222. 223. 
Bpiit point derail. 210. 
Weights of, 364, 365. 
Wharton or Morden ders 



CirouitB fo 


.20, 


61. 


226. 228. 


Clearance compared 


with Model 


4 switch 


mac 






Control of 














ao, 308. 


Cross prot 


•otion 






Cycle of m 






of, 2'l2, 




of. 














ia-22. 










of. 






Double lev 


crfo 




ring of, 228 


DriUioB of 


lock 




or, 205. 








for, 21, 24 


60, 67. 








Enorgy da 


a to 


.214. 


J71u5i™tion 


a of 




62. 53. 



Typical circuits for, 20. 81, 2 

228. 
Weights of. 365. 



ictween third r^ 



sr for. wiring of . 228, 



'&&««9 &UA\«.^VIk^ 



INDEX 
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Switch 

Switch machine: — (Con.) 
Model 4: 

Indication selector for, 68. 

Installation data for, 207-211. 

Layouts for, 218-225. 

Leosth of control wire for, 308. 

Lever, illustrations of, 51, 56. 

Lever, operation of, 49, 50. 

Maintenance of, 211. 

Motor connections of, 200. 

Names of parts for, 66, 208. 

Operating data for, 214. 

Operation of, 67-69. 

Operation of controlling lever 
for, 49, 50. 

Pole changer for, 68. 

Pole changer wiring for, 210. 

Safeguards of, 61-63. 

Simplified circuit for, 20. 

Size of control wire for, 308. 

Storing of, 207. 

Switch circuit controllers for, 69. 

Testing of, 210, 211. 

Third rail clearance for, 215. 

Tie framing for, 207. 

Time for operation of, 214. 

Tools for maintenance of, 369, 
370. 

Typical circuits for, 20, 61, 
227, 228. 

Weights of, 365. 
Symbols for, 350. 
twitch mechanisms (see switch ma- 
chine). 
Iwitch operating mechanisms (see 

switch machine) . 
lymbols: 
Lever contacts. Model 2 inter- 
locking machine 336. 
R. S. A. standard: 

Charging apparatus, 359. 

Circuit controllers, 356-358. 

Circuit plans, 354-359. 

Instruments, 357-359. 

Location, 350-353. 

Relays, indicators and locks, 
354, 355. 

Signals, 348, 349. 

Switches, derails, etc., 352, 353. 

Track plans, 348-353. 



'ables (see under name of material) . 
'anks: 

Cooling, /or gasoline engine: 
Capacity of, 174. 






Track 

Tanks: — (Con.) 

Cooling for gasoline engine: 
Dimensions of, 174. 
Location of, 171. 
Specifications, R. S. A., for, 174, 

175. 
Water connections for, 170. 
QasoUne: 
Capacity of, 174. 
Dimensions of, 174. 
Location of, 171. 
Specifications, R. S. A., for, 
174-175. 
Taylor (G. R. S.) electric interiock- 
ing system (reprint), 405- 
413. 
Temperature: 

Comparison of Fahrenheit and 

Centigrade scales, 392, 393. 

Effect on G. R S. electric plants, 

10, 11. 
Effect on mechanical plants, 10, 
11. 
Terminal boards: 

Interlocking machine, 57. 
Transformer, 122, 123. 
Tests (see under name of apparatus) . 
Thermometer scales: 

Comparison of Fahrenheit and 
Centigrade, 392, 393. 
Threads, TJ. S. standard screw, 

380. 
Tie framing: 

Model 2 switch machine, 199. 
Model 4 switch machine, 207. 
Time release: 

Electrical, 133, 134. 
Mechanical, 58, 59. 
Symbols for, 358. 
Tools, maintenance, 369-370. 
Towers (see interlocldng stations). 
Track circuits: 

Alternating current, double rail: 
Bonds for, 120, 121. 
Diagram of, 273. 
Energy curves for, 273. 
Impedance bonds for, 120, 121 
Relays for (see relays A. C.). 
Transformers for (see trans- 
formers). 
Alternating current, single rail: 
Advantages of, 114. 
Central energy scheme, 117- 
119. 

I>\acrax£i& ol , W^ , VVl . 



Typwot, 116. 117. 

Bond Kirn for, 378. 
Boot tc« for, 31 e. 
Chuiael pins for. 37S. 
Imlicaloni for, 103-108 (■» 

lAioiiBg dreuils for (tee eb 
and cheok lockine). 

Rdsys tor (we relnyn, D. i 

Tests for, rclaye, 278. 

TooIb for, 870. 

Wire tdicB for, 297. 
Track diagrunB. 102-l(e. 
Traok Indicaton; 
Alleiasting oumot: 

Dnoriptian of. 111-113. 

HHiaoDaiooe of, 270- 

Energy data for, 271. 

Wdchta of. 3M, 307. 
Direct ourreat: 

DncriptioD of, 103-lOG. 



Uliwtrationa of. 103-106. 
WedchU of, 360. 
Track plaiu; 
Dos chart for. 1>6. 
tDiutntiona of, JM. 
Lo«kuis aheet tor, 64. 
Symboli for. 348-353. 
Track tool«, lint of, 370. 
Track tnuufonuen (sm b 



fom 
Traosfornic 



Capacity of, 280, 281. 
CombinatioDa of, 122, 123. 
DBMriptiDn of, 122, 123. 
Dimouioni of, 279. 
HaocOT irona tor, 276. 
lUiutrations of. 122. 
Ratinn of. 280, 281. 



Svcoodary track: 

DescriptioD of. 123. 121, 

Uluatratlon of.' 123.* 
Rating of, 282. 
Wdtilit of. 363 
Windingd for, 123. 
Symbols for. 350. 

AtOB ol BTOova in. 3U. 
Board ftwt for, 316. 
Booties for. 316. 
Capacity of. 314. 
Capping for, 315. 
CoMfruotiou of. 312, 318. 
Diiaenaiouj of, 315. 
Hooks required (or, 317. 
Joints in, 312. 315. 
Junction bos for. 3!3, 316. 
Noila required for, 317. 
PitiDt required for. 374. 
ScrewE required for. 317. 
Sections of, 31 E. 
SpecificatioitR for, 312. 313. 
Stakea for, 313, 313. 
Bupporlefor, 312, 313. 



Wei^ta of, 367. 



feight: 


388. 


Brick. Mc., 


3Sa. 


CeineDt,et4! 


.380. 


Electrolyte, 




Logacrewa, 




Metals. 3ST. 




Naila, 383. 




Hpe, 381. 




Sand, Bte.. 38*. 


Shippint: 




Battery ohatee. 



Cantilever faraokei. 366. 
Charging apparatoa, 363. 
DeteotAr bar layouts, 36! 
Dummy man. 306. 
Dwarf sicaalB. 366. 

GeaeratoTB. 363. 
Impedanoe bonds, 367. 
ludicattoc relays. 300. 
Indicator groups, 360. 
Indioatan, BSO, 807. 



INDEX 
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Weight 

Weight : — (Con.) 
SMpping: 

InterlookiDC machines, 303, 
364. 

Junction boxes, 367. 

Lever lock, 364. 

Tjghting panels, 363. 

Locking, 364. 

Motor generators, 363. 

Posts for relay boxes, 367 

Relay boxes, 367. 

Reli^, 366. 

Signals, complete, 365, 366. 

Signals, dwarf, 366. 

Signals mechanism, Model 2A, 
366. 

Stakes, 367. 

Switchboards, 363. 

Switch circuit controllers, 366. 

Switch circuit controller rods, 
366. 

Switch layouts, 364, 365. 

Switch machines, 365. 

Transformers, 363. 

Trunking, 367. 
Stone, etc., 386. 
Storage battery ceUs, 146. 
Tables of, 388, 389. 
Water, 389. 
Wre, 306, 307. 
Wood, 385. 
Welding, fluxes for, 299. 
Wire: 

Aluminum compared with copper, 

310. 
Ck)mmon return, 19, 22, 60, 70, 83, 

93.309. 
Control for signals, 22, 70, 83, 308. 
Control for switches, 19, 60, 308. 
Copper (see also rubber-covered) : 

Carrsring capacity of, 310. 

Compared with aluminum, 310. 

Fluxes for soldering, 299. 

Gauge for, 305. 

Hard drawn, table of, 307. 

Interlocking specifications, R. 
S. A., 297-299. 

Joints in. 298-304. 

Soft drawn, table of, 306. 

Soldering of, 303. 

SpUcing of, 298-304. 

Taping of, 303, 304. 



Zinc 

Wire:— (Con.) 

Copper-clad, table of, 307. 
Gauges for, 305. 
Individual return, 94. 
Iron, table of, 306. 
Rubber-covered copper: 
Conduit for, size of, 314. 
Interlocking specifications, R 

S. A., 297-299. 
Joints, 298-304. 
Manufacturer's Engineers' 

standard, dimensions of, 311 
R. S. A. standard, dimension 

of, 311. 
Soldering of, 304. 
SpUcing of. 29a-304. 
Tags for, 299. 
Taping of, 303, 304. 
Trunking for, sise of, 314. 
Steel, table of, 306. 
Symbols for, 359. 
Weights of, 306, 307. 
Wirings (see circuits, also name c 

apparatus). 
Wood, specific gravity and weig^ 

of, 385. 
WrittMi circuits: 
Description of, 331, 332. 
Nomenclature of: 
Circuits, 334-336. 
Circuit controUers, 334-336. 
Indicator contacts, 335. 
Knife switch, 336. 
Latch contact, 336. 
Lever contacts, numbering c 

336. 
Operated units, 332-334. 
Push button, 336. 
Relay contacts, 335. 
Terminals, 336. 
Time release contacts, 335. 
Wires, 337, 338. 
Illustrations of, 338, 339. 
Plans involved, 331, 332. 
Use of, 331. 
Wrou^t iron pipe: 
Dimensions of, 381. 
Weight of, 381. 



Zinc for gravity battery cell, 290. 



